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Abstract 
Santa Fe, NM adopted the Sustainable Santa Fe Plan in 2008 to provide environmentally-
conscious considerations to local policies which would help Santa Fe be resilient to climate change and 
rising energy costs, but Santa Fe has no control over one of the biggest contributors to greenhouse 
gases: energy production. The lack of control over energy production and policy has led to interest in the 
acquisition of the electrical infrastructure from Public Service Utility of New Mexico (PNM) in order to 
create a municipally owned utility which could incorporate renewable energy. This study assesses the 
value of the existing electrical infrastructure in Santa Fe to provide some preliminary information for its 
purchase. The replacement cost of the infrastructure was estimated to be $100 million, an amount the 
city could afford with a slight rate increase. 
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Executive Summary 
The world’s dependence on fossil fuels has continued to increase, with greenhouse gas (GHG) 
emissions following suit, which is leading to the eventual depletion of the world’s oil supply. Knowledge 
of this predicament has prompted communities throughout the world to seek a reduction in emissions 
and in their dependence on fossil fuels by adopting renewable energy production. Germany is currently 
leading the way in using solar energy with 8.9 Gigawatts (GW) of solar photovoltaic generating capacity1. 
Communities in the United States have also responded, with ideas like the Sustainable Santa Fe Plan 
(SSFP) in Santa Fe, New Mexico. The SSFP calls for reduced, efficient energy usage, more renewable 
energy, and reduced GHG emissions. The major shortcoming to the plan is that the distribution and 
production of electricity in the City of Santa Fe is controlled entirely by an outside party, Public Service 
Utility of New Mexico (PNM), so the City has little to no control over where its electricity comes from. 
Thus, the desire to fulfill the SSFP motivates a study of the feasibility of a municipally owned electrical 
utility in Santa Fe so that the City could have total control over where it gets its electrical power from. 
The study requires general knowledge of the electrical grid, renewable energy technologies, and 
the legal and financial matters surrounding municipal ownership. The components of the electrical grid 
that Santa Fe is interested in are located within the city jurisdiction, and are referred to as distribution-
level components. There are many renewable resource technologies, but this project focuses on which 
ones are most feasible in Santa Fe; considerations for the feasible technologies include environmental 
conditions, placement, and aesthetics. Ownership of a municipal utility begins with a city’s investment in 
the infrastructure, which usually means that bonds will need to be taken out to cover the cost of the 
infrastructure as well as to pay for any peripheral costs such as legal fees. For this type of information, 
case studies of existing municipal utilities will be noted. In order for the City of Santa Fe to determine 
the feasibility of a municipally owned electrical utility, it is necessary to analyze each aspect of a 
municipal electrical utility individually, and then as a whole. 
There are several steps that this project will complete in order to provide conclusions about the 
feasibility of a municipal utility in Santa Fe. The first of these steps is to determine the value of the 
existing electrical infrastructure of the City of Santa Fe. After calculating the cost of the infrastructure, 
financial analysis can be completed to outline a suitable payment plan. Different scenarios, involving 
renewable energy production, will be developed to form a recommendation regarding ways of meeting 
the SSFP. Geographic Information System (GIS), a type of mapping format, layers of the City’s electrical 
infrastructure will be used to tabulate the total values of each component. The financial implications of 
the scenarios will be taken into account as part of the financial analysis. To help accomplish the goals 
outlined herein, local experts on energy were consulted throughout the time spent in Santa Fe. 
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The first part of this study was to 
determine the value of the electrical 
infrastructure. Figure 2 outlines the costs 
associated with each of the components 
in the City’s infrastructure. As stated 
before, the City would only be interested 
in acquiring the distribution-level 
components: power substations, 
distribution lines, power poles, 
transformer drums, and power meters. 
The values were calculated based on 
replacement costs; the resulting total 
displayed represents the cost of a new 
electrical infrastructure in Santa Fe if it 
was built today. The value of the Santa 
Fe electrical distribution-level 
infrastructure is estimated to be about 
$100 million, with the cost broken down 
as below. 
 With knowledge of 
the value of the 
infrastructure, it was possible 
to devise a plan to finance the 
acquisition of it. For the 
purposes of this project, it was 
assumed that the purchase 
price would be the worst-case 
scenario; if PNM was unwilling 
to sell, the price quoted in this 
report is based on 
replacement of the entire 
infrastructure with new 
equipment. Along with the 
replacement cost of the 
infrastructure, the bond plan 
accounts for two more substations required to allow the City to be a stand-alone utility and the legal 
fees involved to acquire the existing infrastructure from PNM. The estimated total came to $150 million. 
To service such a debt, PNM revenues were used as a baseline comparison. PNM’s profit in  Santa Fe, 
about $6.7 million per year, was extrapolated from the total revenue ($67 million), which can be used 
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  (Brain, “How power grids work”. 2010 ) 
 
Figure 1 GIS Layers of Electrical Infrastructure in Santa Fe, NM 
 
Figure 2 Electric Infrastructure with Cost 2 
$71M 
Total = ~$100 Million 
$6M 
$4M 
$17M 
$1M 
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directly to service bond debt if the city were operating in a manner similar to PNM after the purchase. 
However, $82 million would be needed for a 30-year bond at 4.5% interest (a bond similar to the Santa 
Fe’s water system purchase). This would include the cost of purchasing the necessary electricity from 
PNM at their 30b rate. A rate increase of 22.5% would be needed to compensate for the difference 
between the revenue available from PNM’s balance sheet and the actual amount needed. In PNM’s 
most recent rate case, filled June 1, 2010, they have asked for a 24.8% increase, so a 22.5% rate increase 
would not be all that expensive, especially if it were to only increase once and then stay at a f ixed rate 
until the bond is paid off. The proposed rate increase should be considered with significant variance, 
though, as the city would be able to operate with less capitalization than a private corporation. 
As stated in the SSFP, a 19% reduction in the GHG emissions is necessary by 2012 in order to 
reduce GHG to 7% below the 1990 level3. To achieve this with a municipal utility, it is necessary to use 
non-emitting sources of energy to displace the usage of fossil fuels, primarily coal. Solar, wind, biomass, 
and pyrolysis of waste were all considered to be suitable for use in Santa Fe. This project studies two 
options that involve solar power and one rampable, non-renewable resource, which is necessary to 
maintain energy production in light of the erratic nature of solar power. Both plans involve the use of 
floatovoltaics on the reservoirs east of the Santa Fe city boundaries. 30 MW of total solar capacity is 
needed to offset enough coal usage to meet the SSFP goal, which could be done with 215 acres of 
floatovoltaics.  
Where the plans differ 
is the method of rampable 
energy production. The City 
could pursue energy 
independence with centralized 
production at one 135 MW 
natural gas combined cycle 
plant. Such plants are typically 
56% efficient in converting 
chemical energy to electricity, 
and they emit less than half the 
GHG emissions when compared 
to a coal-fired plant of the 
same capacity. This option 
would cost $219 million on top 
of the purchase of the 
infrastructure including the cost for a gas pipe to connect the plant and the gas transmission lines 
nearby. The other option is to have distributed production using compact combined-heat-and-power 
units stationed at many buildings throughout the city. This plan would require 148 Quanto D2000 
cogeneration units to meet the heat and electricity load of the City, which would cost approximately 
$366 million. 
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  (City of Santa Fe. 2010) 
 
Figure 3 Floatovoltaics 
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The cost of immediately incorporating energy independence with a production facility raises the 
initial bonding costs by a large amount and would force consumer rates to increase greatly initially. 
However, the electric rates would significantly decrease after the bonds for power plants were paid off. 
Aside from building its own production facilities, Santa Fe could incentivize the use of renewable 
resources with loans or feed-in tariffs.  
By providing more incentives for homeowners to install solar panels on their homes, the overall 
consumption needs of the City could be reduced at the same time as making individual homes become 
almost self-sufficient. Incorporating solar installations on the rooftops of City owned buildings or public 
schools could also produce a significant chunk of clean energy. While working with students at De 
Vargas Middle School, it was determined that the school could produce enough energy from solar 
installations on its roof to provide more than enough power for the entire school. It is important to 
come up with as many of these scenarios for the City as possible because it is not immediately clear that 
there is one way that is significantly better than any of the other options available to the City until 
further analysis is completed, and the citizens of Santa Fe have given their input as to what they feel is 
best. 
To help assist in coming up with possible scenarios a tool using NetLogo, a programming 
environment, was made to allow for the user to figure out how many power plants of different types 
would be needed to power the city, and what the resulting GHG emissions for those scenarios  would be. 
Although this tool was not completed entirely, it still has the potential to be useful for planning for the 
future if it were finished. 
The team recommends that the City of Santa Fe purchase the infrastructure and construct a 30 
MW photovoltaic array as well as a 135 MW combined cycle natural gas plant. 
There are no technical problems in separating the City infrastructure from PNM and the 
County’s infrastructure, or in producing the necessary amount of power even at peak loads with a 25% 
reserve capacity. A more detailed engineering report as to the specifics of locating the power plants and 
the costs associated with such endeavors is recommended, though one possible location for the CCNG 
plant is the old landfill and the photovoltaic array could be placed on the reservoirs in order to assist 
with evaporation as well. 
 5 
 
One economic benefit to creating a municipal utility is the fact the more money will stay in the 
economy; currently 14.5¢ of every dollar spent on electricity leaves the local economy, if a municipal 
utility is created, then all of that dollar will remain in the economy increasing the amount of money in 
circulation by 
fivefold. 
As long 
Santa Fe has 
enough bonding 
capacity, and 
assuming the 
worst-case 
scenario for the 
costs of the 
electrical 
infrastructure 
that was 
assumed during 
the calculations, 
Santa Fe is fully 
capable of 
owning its 
electrical 
infrastructure, 
even if it was rebuilt from scratch. The worst-case scenario assumed that the infrastructure was worth 
as much as their replacement costs which, practically, is not the case because of depreciation from the 
age of the infrastructure. Operating the municipal electrical utility that would be created is also possible, 
even on top of the costs associated with the annual payments for the bond that would be required. All 
of the financial analysis ignores the 2.1 ¢/kWh gained for the production of solar energy from the 
Renewable Energy Production Incentive from the U.S. Department of Energy4. It is also important to 
note that because most of the assumptions were based on worst case scenarios, that it is even more 
feasible for Santa Fe to own and operate a municipal electrical utility. A detailed economic analysis is 
recommended to determine the maximum bonding amount the City has available as well as the interest 
rates and amortization schedules. 
Since PNM did not grant access to the transformers layer for the City or to any of the layers for 
the County, those numbers were estimates as opposed to fact. With access to those layers, more 
accurate calculations about the cost of the infrastructure could be determined in the future. A detailed 
analysis of the use and placement of CHP units and pyrolysis units needs to be conducted before 
recommendations are made to whether they would be beneficial and cost effective to the City. 
                                                                 
4
  (U.S. Department of Energy. 2007) 
 
Figure 4 NetLogo Example 
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The last component of the project was the creation of a program in NetLogo which give the user 
the ability to place various types and sizes of power plants in Santa Fe and see the results on emissions, 
costs and total power generated. A sample scenario in the program can be seen on the previous page in 
Figure 4. 
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1 Introduction 
Rising energy costs and the depletion of fossil fuels are forcing governments and individuals to 
explore alternative energy resources. Fossil fuel use also has the side effect of releasing emissions into 
the atmosphere that would otherwise remain underground, which raises concerns about climate 
change. Rapid industrialization and dependence on oil have had measurable effects on lifestyles in the 
past decade. Since the 1950’s worldwide carbon emissions have increased more than six fold.5 While 
gasoline prices remained fairly static in the 1990’s, the cost of a gallon of gasoline increased by 216% 
between 1999 and 2009.6 Perhaps even more shocking is that crude oil, during the winter months of 
2008, reached an exchange rate of 100 U.S. dollars per barrel.7 This milestone has implications on all 
facets of life; oil is used to heat homes, as well as for transportation. When refined into a different state, 
oil transports the food that makes urban life possible, and the coal that makes wired life possible. 
Although coal is considered plentiful (it generates half the electricity in the in United States) there is fear 
that oil is not. Indirectly, oil has contributed to increasing electricity prices. From 1999 to 2009, the 
average kilowatt-hour (kWh) in the U.S. increased in price from 8.16 cents to 11.15. 8  According to 
British Petroleum’s Annual Statistical Review of World Energy, the world’s current oil consumption 
pattern will deplete known oil reserves by 2050. The fear of depleting fossil fuels and rising energy costs 
has caused countries around the world to develop sustainable methods of energy production. In 
Germany, the government pays independent producers to provide renewable energy. As a result, 
Germany is expected to generate 33 percent of its energy by renewable means by 2020. 
Renewable energy in the United States is not yet developed as much as it is in Germany, but tax 
credits are given for building renewable energy installations. Alongside the tax incentives, President 
Obama has promised $150 billion over the next 10 years to be devoted to developing renewable energy.  
In New Mexico, energy costs have not fared much better than the rest of the United States. The current 
energy production in the United States is still primarily non-renewable, which has led to increasing 
energy prices. In the same period U.S. gas prices increased 216%; the rate increased 206% in New 
Mexico.9 While New Mexicans could weather the winter on $273 worth of heat in 1999, they would 
need to spend $813 to obtain the same warmth in 2009. In the New Mexico capital, Santa Fe, the 
Sustainable Santa Fe Plan (SSFP) was created to provide green policies for municipal practices, such as 
the heating of city buildings. Part of the plan has provisions for powering government buildings with 
renewable energy to reduce operating costs of government services while contributing to its carbon 
reduction goal of 7% below 1990 levels.10 The SSFP also has implications on city water, where possible 
plans include solar panels installed at water treatment plants to offset operating costs. However, large -
scale solar panel installations are cost-effective only after they are connected to the grid so that they 
feed in energy to be sold elsewhere. 
                                                                 
5
  (McAnanama. 2007) 
6
  (Energy Information Administration. 2010b) 
7
  (Krauss. 2008) 
8
  (Energy Information Administration. 2010a) 
9
  (M. Sardella. 2008a) 
10
  (City of Santa Fe. 2010) 
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Unlike most counties in New Mexico that distribute electricity through community cooperative 
grids, the power infrastructure in Santa Fe is controlled entirely by Public Service Utility of New Mexico 
(PNM). PNM provides incentives for green energy production, such as letting customers install solar 
panels on their homes and paying customers for any carbon emissions they help offset as part of a 
carbon cap agreement.11 While the private solar panel installations aid in carbon reduction to a small 
extent, the carbon production of Santa Fe is influenced mostly by the practices of PNM, which are not 
geared towards green energy production due to its lower cost efficiency. Thus, the lack of control over 
the electrical infrastructure is a limitation on the City’s green efforts. In a fashion similar to the City’s 
water infrastructure purchase in 2008, Santa Fe is looking to acquire its electrical infrastructure so that it 
can have the flexibility needed for greener power transmission and production practices. With control 
over the grid, the City can upgrade it to a smart grid and integrate solar and other renewable sources of 
power without dissent from PNM. Studies have already been done to verify that such a plan is 
technically feasible, but any financial analysis has yet to be done. 
As mentioned, Santa Fe has purchased the water infrastructure, but that resulted in the 
opposite of the intended effect; rates increased. However, lessons can be taken from the follies of the 
water infrastructure. When the City purchased its water system from PNM, major renovations needed 
to be done as a matter of maintenance. The substantial increase in water bills for residents was to pay 
for the loans that made the purchase and repairs possible. The main unresolved issue with the purchase 
of the electric grid is whether or not it would be cost effective to do so, keeping in mind the depreciation 
and the future replacement values. The corollary to that is the method of how the City would pay for the 
purchase. 
This project’s goals are straightforward: first, to determine if it is cost effective for the City of 
Santa Fe to purchase the city electrical infrastructure; second, if it is cost effective, how the City might 
pay for the infrastructure. The research conducted will gather numbers such as operating costs, 
maintenance costs, and age. After knowing the purchase price and value, it is possible to determine 
what methods of financing the City could use after undertaking such a large financial burden. The 
financing will require the team to conduct in-depth research of how the City could potentially raise the 
amount of money for the infrastructure. Finally, the team will study available renewable resources and 
determine potential power generation capabilities and the costs associated with the construction of 
such power stations. By performing each of these objectives, the team will be able to help the City of 
Santa Fe determine if a municipal electrical utility is a worthwhile endeavor for them to undertake. 
                                                                 
11
  (2007-2008 sustainability report shaping a sustainable future. 2008) 
 9 
 
2 Background 
 In the state that calls itself the “Land of Enchantment”, the capital, Santa Fe, presents 
itself as a unique community; most of the buildings feature adobe construction, which lends itself to 
exoticism when compared to the sea of brick, concrete, wood, and metal that constitutes the more 
populous cities in the United States. It is almost as if the buildings in Santa Fe were natural formations of 
the Earth, hollowed out to make habitation by humans possible. 
Thus, Santa Fe politics have been environmentally conscious: new government buildings employ 
directional LED lighting that cuts down on power usage and light pollution of the night sky. In Santa Fe, 
Orion’s belt and sword can be seen at night, the latter of which is made invisible by incandescent street 
lamps found in other large cities. In historic Santa Fe, one would be hard-pressed to find a chain 
supermarket franchise that sells pre-processed, mass-produced foods; in their place are supermarkets 
that stock organic foods, and a plethora of farmers’ markets that strengthen the local economy. Most 
impressive is the community’s response 
to the water utility purchase from PNM 
in 1993. To help stunt water costs 
incurred by the City’s large investment, 
and to decrease the likelihood of water 
shortages, the Santa Fe government 
aggressively promoted the reduction of 
water usage to its citizens. Santa Feans 
obliged and between 1995 and 2007, 
the average water consumption per 
person dropped 40%. 
Santa Feans want to preserve 
their environment. As a demonstration 
of this, there is the Sustainable Santa Fe 
Plan (SSFP) which details government 
policies to encourage green living in the 
City. However, the citizens of Santa Fe have no control over the single biggest offender to their 
environmental sustainability: energy production and distribution. That responsibility is assumed solely 
by PNM, an investor-owned, for-profit, utility. PNM’s energy portfolio is dominated by the non-
renewable resources: coal, natural gas, and nuclear power; two of PNM’s coal-firing plants near 
Farmington, NM provide 46% of Santa Fe’s electricity while a nuclear power plant near Phoenix provides 
another 16 percent. Natural gas provides 32% and the remaining 6% come from renewable resources. 
The company has publicly stated that it will not meet the legal mandate to make 20% of its ene rgy 
portfolio renewable sources and, as a result, will incur fines from the Public Regulatory Commission 
(PRC).  
 The control of the power infrastructure has been a topic of debate in recent years. In November 
2009, PNM complained to the New Mexico’s Public Regulation Commission (PRC) about Santa Fe’s 
 
Figure 5 Electricity Generation in the City of Santa Fe by Fuel Type 
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intent to contract Maryland-Based SunEdison to install solar arrays on government buildings to reduce 
municipal energy consumption. The electricity would be purchased from SunEdison, not PNM, and tax 
credits would also be given to SunEdison. PNM contended that all power in Santa Fe should be regulated 
by PNM itself12; the Public Regulation Commission of New Mexico (PRC) responded by allowing the 
SunEdison plan to go forth. However, PNM is appealing this and the state Supreme Court will have the 
final say. 
2.1 Sustainable Santa Fe Plan 
The City of Santa Fe takes pride in the 
fact that the City maintains high standards to 
preserve the historic sites and landscapes of 
New Mexico. Likewise, the City has made it 
clear by adopting the Sustainable Santa Fe 
Plan (SSFP) on October 28th, 2008, that it 
wants to preserve the environment by 
reducing Greenhouse Gas emissions in the 
City through the creation of a sustainable 
city. 
The Sustainable Santa Fe Plan (SSFP) 
defines sustainability as being a beneficial 
compromise of social, economic, and 
environmental principles. The SSFP presents 
the City with the concerns and possible steps 
to take to ensure that these concerns are 
met throughout the Plan. 
The plan based its goals for 
emissions on suggestions from the Kyoto 
Protocol, which was created in 1997 by 
the United Nations as an effort to 
combat global warming by reducing 
emissions to a level that is 7% below the 
level of 1990. Based on estimates from 
analysis the City conducted, it would be 
necessary for the city to reduce its GHG 
emissions to a level that is 18.9% less 
than the level in 2008 by 2012. After 
establishing a baseline for a goal for the 
City to reach, the SSFP goes on to 
describe how the City is already working 
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  (Lew. 2009) 
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 (City of Santa Fe. 2010) 
14
 (City of Santa Fe. 2010) 
 
Figure 6 Sustainable Santa Fe Plan Cover13 
 
Figure 7 Sustainable Santa Fe Plan Diagram14 
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to reduce emissions, and what some other options are for the City.15 
The City of Santa Fe has already begun combating rising emissions through several efforts. To 
help reduce the heating and cooling of buildings, the City encourages more energy efficient buildings 
that will waste less energy for heating and cooling. The City’s new vehicles are in the process of being 
replaced by hybrid vehicles and natural gas-powered vehicles. Through the promotion of recycling the 
City has been able to help reduce the total amount of waste, which cuts down on emissions from the 
processing of the waste. Traffic lights have been replaced with LEDs which use less electricity than their 
incandescent counterparts and there is a plan to install LED streetlights at all intersections. Green 
building codes are also being embraced to try and reduce emissions from new homes to zero by 2030. 16 
2.1.1 Federal Energy Laws 
 “The PRC and PNM are subject to federal energy laws administered by the Federal 
Energy Regulatory Commission (FERC). These laws include a requirement that the 
capacity of the utility be sufficient such that the peak load on their system not exceed 
75% of their capacity.” 
-SSFP, page 10 
 
Since the City has a peak load of approximately 100 Megawatts (MW) during the summer, the 
capacity must be greater than 133MW. To allow for this capacity to be met, the utility will most likely 
attempt to meet these requirements by the cheapest way possible, which i s through coal or nuclear 
power plants. If the utility, PNM, is required to expand their capacity for Santa Fe, it is likely that the 
energy portfolio of the City would worsen in terms of the percentage of renewables unless there is time 
to construct renewable energy generation to meet the growing capacity requirements. So, it is 
important to avoid increasing the peak loads. The authors of the SSFP provide the City with several 
options to help address the issue of an increase in the peak loads of the City by providing an outline for 
some of the future endeavors the City needs to embrace.17 
 
2.1.2 Future Endeavors for Reducing Peak Load 
To avoid building more coal or nuclear plants in the near future, the SSFP notes that it is 
important to reduce the energy demands of the summer, when electricity demand is highest. The Plan 
also makes it clear that the City must address the issue of energy affordability for low-income 
households, because it is likely that the price for electricity will increase. A key way for the City to reduce 
the total amount of energy needed is to encourage and incentivize homeowners to install renewable 
energy for their homes. The State, and Federal Governments have incentives available to homeowners, 
but not everyone has heard of these incentives, so the City could try to help spread the word to people 
about the incentives available to them. According to the SSFP, the state laws for solar energy are not 
well known to the public, so it is important to make the process of installing private solar facilities 
straightforward and with guidance from the city, as well as laws that protect the value of solar 
installations. The Plan also encourages the City to provide loan programs with low interest rates that can 
help make it possible for more people to have renewable energy generation installed.  
                                                                 
15
 (City of Santa Fe. 2010) 
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 (City of Santa Fe. 2010) 
17
 (City of Santa Fe. 2010) 
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Another idea that is talked about in the Plan is that the City should analyze where its energy 
comes from, and try to reduce its dependence on fossil fuels. To help improve its portfolio, the City 
could promote private or public partnerships to create small renewable energy production installations 
within the City, or make power purchase agreements with outside energy providers to increase the 
renewables in the energy portfolio. One idea would be to form a municipal power utility to help with all 
of the aforementioned ideas.18 
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 (City of Santa Fe. 2010) 
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2.2 Components of the Electric Infrastructure 
The power grid had very humble beginnings; in 1882 the first generators were built in lower 
Manhattan and Menlo Park, New Jersey. They provided direct current, DC, power to locations close by 
and for the first time electricity was available in households and businesses. To transmit the electricity 
from the generators to the 
customers they used copper power 
lines; however, this method was 
extremely inefficient, to the point 
where the power stations had to be 
within one mile of a recipient or 
none of the power generated would 
reach the consumer. On top of this, 
the power generated needed to be 
of the same voltage as the devices 
customers used because they were 
direct current power lines. This 
meant that every building needed to 
be connected to multiple generators 
in order to assure that everything 
within it could be powered. In 1886, the first Alternating Current (AC) generator was built in Great 
Barrington, Massachusetts, and in 1888 it was adopted as the universal system that would be used by 
the power grid. This system used transformers to step up the voltage as it was put into the power lines 
and then step it down as the electricity entered homes and buildings. The increased voltage allowed the 
electricity to travel much longer distances in the power lines without being depleted by the time it got 
to its destination. This ability to transmit electricity over long distances lowered costs and generation 
plants could produce enough energy to power far larger areas than ever before. 
 Technology improved over time and the grid was made more efficient; although the basic 
concept of the grid has changed very little since the inception of the universal AC system, now the 
nation is broken down into three main grids: the Western Interconnect, the Eastern Interconnect, and 
the Electric Reliability Council of Texas. These grids are essential so that the United States can have 
reliable power everywhere; if a power station in one area of the grid goes down neighboring stations 
will try to support the area in which the downed station is no longer functioning. The grid also allows 
power lines to break, but maintain power in locations not directly affected by the downed line by 
rerouting the electricity through other lines. 
Since Santa Fe is interested in buying its electrical infrastructure, it will be necessary to know 
what parts are of interest to the city. In the confines of a city, the high-voltage transmission lines 
(greater than 46,000 volts (V)) are not needed to traverse the distances within the city. Anything 
involved in the distribution (from the 46,000 volt lines on) of electrical power is of importance to the 
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City. In the course of the project, this means that the distribution lines, power substations, power poles, 
power lines, transformer drums, and power meters will need to be counted and their cost calculated. 
2.2.1 Power Plants 
 There are a wide variety of power plants that are used, but all produce the electricity that 
powers the electric infrastructure. Power plants can be characterized by two main elements: resource, 
and method of power generation. The types of resources are: nuclear, fossil fuel (including oil, coal, and 
natural gas), geothermal, waste heat, solar thermal and other renewable resources. The methods of 
power generation are: steam turbine, gas turbine, combined cycle, and internal combustion engines. 
2.2.1.1 Combined Cycle Natural Gas Power Plant 
One possible power 
plant option in Santa Fe would 
be a Combined Cycle Natural 
Gas. In a normal natural gas 
fired facility, natural gas is 
mixed with air and burned and 
the resulting combustion turns 
a turbine which in turn 
produces electricity. Combined 
cycle plants work the same as 
regular natural gas generation; 
however, in addition to the 
power generated by burning 
the natural gas the heat from 
the combustion is used to turn 
high purity water to steam 
which is then used to turn a 
steam turbine, thus generating more electricity. Afterwards, the steam is sent to a condenser where 
some of the water vapor is converted back to liquid water which then returns into the system, lowering 
the rate of water consumption21. The average capital cost for a system of this type in the United States is 
about 848 $/kilowatt of generation capacity22.  
The overall efficiency of a combined cycle plant is due to the fact that all the fuel consumed 
essentially generates power twice causing the efficiency to dramatically increase from about 30% for 
standard natural gas power plants to 50% for combined cycle natural gas plants23. It is possible to reduce 
the emissions from combined cycle power plants by incorporating catalysts that react with carbon 
monoxide as well as nitrogen oxides into the portion of the plant where the water is transformed into 
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  (Combined cycle gas turbine view. 2010) 
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  (How does A combined-cycle power plant work? A tour of the metcalf energy center. 2010) 
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  (New combined cycle gas turbines (CCGT) generation. 2010) 
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  (Electric generation using natural gas. 2010) 
 
Figure 9 Combined Cycle Natural Gas Power Plant 20 
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steam; aqueous ammonia can also be injected into the system to further reduce the amount of nitrogen 
oxides that are produced24. 
2.2.2 Power Substations 
 A substation is used to either step up the voltage of the electricity or to step down the voltage 
of the electricity they are used when electricity is being taken from transmission lines and rerouted into 
distribution lines; to do so the substation uses transformers. The cost for a power substation varies 
according to the voltage level it is designed for: a 46 kilo-Volt (kV) substation is $4.8 million and a 115 kV 
substation is $7 million25. 
                                                                 
24
  (How does A combined-cycle power plant work? A tour of the metcalf energy center. 2010) 
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  (Cibola Engineering. 2008) 
 
Figure 10 Power Substation 
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2.2.3 Power Lines 
 There are two types of power lines: transmission lines and distribution lines. Transmission lines 
are defined by how they are used, however, generally speaking a line that carries electricity at voltages 
higher than 46 kV is considered 
a transmission line; the reason 
that they have such high 
voltages is because that means 
the current of the electricity is 
low which reduces losses, since 
losses are proportional to the 
level of current. Since 
transmission lines are used to 
transport electricity over large 
distances, reducing losses is 
very important. Conversely, 
distribution lines transmit 
electricity at voltages below 46 
kV. They are used to transfer 
electricity shorter distances 
and must be at lower voltages 
in order to make it possible for 
the electricity to enter homes 
at the proper voltage for appliances and the like, 
120 V26. Distribution lines cost about $9,830 per 
mile27. 
2.2.4 Utility Poles 
 One of the connections on a utility pole is 
for the electric lines. In general, utility poles are 
about 35 feet tall and are buried 6 feet into the 
ground; however, the poles can range in height 
from 20 feet to 100 feet tall. Utility poles can be 
made out of concrete, steel, fiberglass, or wood, 
but wood remains the most common and popular 
type of material28. A wooden 40 ft utility pole costs 
$30029. 
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  (Rainoe et al.. 2007) 
 
Figure 11 Power Lines  
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2.2.5 Transformers 
Electricity has voltage. Depending on the 
purpose, different levels of voltage are either required 
or not desirable. Transformers modify that voltage 
either so that the electricity can enter your house at a 
safe level or so that it can be transmitted along 
transmission lines with minimal losses. Transformers 
have different capacities which are measured in 
kilovolt-Amperes (kVA)30; the cost for a 25 kVA 
transformer is $1200 and the cost for a 50 kVA 
transformer is $1600. 31 
2.2.6 Electrical Meters 
 Most electricity meters in Santa Fe are 
electromechanical in nature; they utilize an induction 
motor which is connected to a wheel that is attached to 
a gear that will turn the dial on your meter. The speed 
at which the induction motor turns is directly 
proportional to the voltage and current of the electricity 
that enters a residence32. However, smart meters have 
begun to penetrate the markets; smart meters have several more features and functions compared to 
traditional meters in addition to simply monitoring electricity usage. They have the ability to monitor 
electricity usage by time so that peak hour usage can be determined; they also have the ability to 
measure how much electricity each appliance uses assuming the appliances have the capability to be 
connected to the smart meter. Furthermore, smart meters have the ability to turn off electricity to the 
house during peak hours so that the consumer does not have to pay the higher electric rates at that 
time so the total price the consumer 
has to pay is smaller33. While smart 
meters are part of the smart grid, they 
are not the whole of the smart grid. 
Electromechanical meters run about 
$25. 
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  (Calvert. 2006) 
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  (Rainoe et al.. 2007) 
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  (Bureau of Reclamation. 2000) 
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  (CBC News Online. 2005) 
 
Figure 13 Single Phase Transformer 
 
Figure 14 Smart Meter and Mechanical Meter  
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2.2.7 Electrical Infrastructure Component Values 
Before preparing a bond plan, the city’s electrical infrastructure must be assessed for value to 
account for depreciation and replacements in the system. It would be reasonable to add renovation of 
the power system in Santa Fe to the total cost of the purchase, since making the infrastructure more 
efficient would reduce operating costs and lessen payback time. Investing in solar energy may al so be a 
consideration at the planning stages. Doing so will be conducive to helping the city achieve its 
renewable energy and carbon reduction quotas. 
2.3 Smart Grid 
If Santa Fe purchased its electrical grid, one of upgrades that could be performed is the 
installation of computers to monitor and control grid connections; such a system is referred to as a 
“smart grid”, one that can adapt to changing conditions. Smart grid systems are in development and in 
partial deployment in the US. A smart grid will reduce the duration of power outages and allow the grid 
to demand additional energy from other resources to balance the flow of electricity through the grid. 
Additionally, a smart grid will have the ability to monitor the status of components allowing their 
replacement before their failure improving the overall reliability of the grid34. A smart grid will also be 
able to handle erratic power generation such as that produced by solar, wind or most other renewable 
sources; furthermore, the smart grid will be able to handle a more decentralized power production, 
allowing the construction and contribution of a number of small power stations, like a multitude of solar 
panels. Currently, if any electricity is produced in excess of need, there is nowhere for it to go, so it 
travels the power lines until the energy is lost, however, part of the smart grid involves the construction 
of large storage facilities for energy that was produced, in excess of need35. 
2.3.1 Micro-Grids 
With the creation of the smart gird, a new strategy for organizing the electric grid has been 
developed. Micro grids are small grids, perhaps no bigger than a city block or perhaps half or a large 
town. The size is determined by the one implementing the concept; these grids are all interconnected 
with each other in order to form one large grid and would usually operate as such; however, if there was 
a power failure somewhere, then the grids could separate from each other in order to prevent the other 
micro-grids from losing power as well. This ability can also lead to the micro-grid concept being called 
islanding, since each micro-grid would be separating itself from all that connects it. The main 
disadvantage to the micro-grid concept is in order for it to function properly all power generation must 
                                                                 
34
  (The smart grid: An introduction. 2008b) 
35
  (The smart grid: An introduction. 2008a) 
Table 1 Component Replacement Cost  
Component  Unit  Price 
46k Substations  each at  $4,800,000 
115k Substations each at  $7,000,000 
Poles each at  $300 
Transformers each at  $1,400 
Distribution Lines per mile $9,830 
Meters  each at  $25 
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be decentralized such that each subset of the grid is almost completely capable of generating its own 
electricity. The micro-grid would create a dynamic, flexible grid that would be far more resistant to any 
sort of failures and reduce the risk of a point failure affecting the whole of the Santa Fe. 
2.3.2 Boulder, Colorado and SmartGridCity 
 SmartGridCity is the name of the new smart grid system implemented in Boulder, Colorado 
which is also the world’s first. It is owned by Xcel Energy, the company supplying most of Boulder’s 
electricity, although the City does operate 8 hydroelectric plants that produce electricity that is sold 
directly to Xcel for distribution. The Boulder hydro plants generate enough energy for 18% of the 
residential sector in Boulder while, at the same time, depressurizing the water supply for the City36. The 
current abilities of the smart grid allow for remote monitoring of total electricity usage and voltage 
fluctuations in the line, as well as the ability to balance loads from different energy sources by way of 
remote shut-off. SmartGridCity reduces blackouts by finding voltage fluctuations and reacting to them, 
and it improves financial efficiency by allowing meter data to be transmitted to Xcel thus eliminating the 
need for meter men to physically come out and check the meter. Electrical efficiency is improved with 
the ability to balance loads, since it decreases the likelihood of power plants being forced to operate 
beyond their efficiency range during peak or low usage periods37. 
2.4 Renewable Energy Resources 
As it stands, 46% of Santa Fe’s electricity is produced from coal; coal is used because it is cheap, 
readily available, and easy to transport. Due to these qualities, coal allows power production and 
transmission to be easily centralized. As a result, the power plants are usually located far away from the 
cities that they serve; thus the money that Santa Fean’s pay for their electricity leaves the community 
lowering the economy vitality. Furthermore, when burned, coal releases CO2 into the atmosphere 
making its use counterproductive to the sustainability goals of the Sustainable Santa Fe Plan. Local, 
renewable must be explored if money is to be kept inside the community to buffer against rising ene rgy 
costs while, at the same time, attempting to meet the emissions reductions of the SSFP plan. 
Geographically, Santa Fe is ideal for solar power production. There are examples of resident-
owned solar arrays that are able to produce more than enough energy for the home on which they are 
installed; the surplus energy generated in such a case is sold back to the power company, resulting in 
energy credit. If the municipality of Santa Fe owned the local infrastructure, the installation of solar 
panels on government buildings without dissent from PNM would be possible. Doing so would lower 
energy costs for the government and, ultimately, the citizens of Santa Fe. 
                                                                 
36
  (Boulder's municipal hydroelectric system. 2004) 
37
  (Xcel energy SmartGridCity™ benefits hypothesis summary. 2008) 
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2.4.1 Solar Photovoltaic Power 
Solar photovoltaic (PV) power captures 
energy from the sun using photovoltaic cells and 
turns it into usable electricity. The basic 
components involved in the production, storage, 
and usage of electricity from solar power are 
outlined in the figure to the right. The solar panel 
is composed of an array of a number of solar cells 
that generate current from sunlight. Solar cells 
work by using semi-conducting materials to 
absorb photons from sunlight, causing the 
electrons in the material to flow, thus creating 
electricity which can be used. By increasing the 
number of solar panels in a solar array, a solar 
plant can generate as much energy as needed as 
long as there is enough land to for the array.38 
The electricity produced by the solar panel is then 
sent through a charge controller that can send 
some of the energy directly to DC devices because 
the electricity produced is in DC (Direct Current). 
The rest of the energy is sent either to batteries 
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  (Solar Explained: Where Solar is Found. 2009) 
 
Figure 15 How Solar Panels Work 
 
Figure 16 Solar Levels Map of U.S. 
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for storage or to an inverter where it is transformed into AC current and used. 
The biggest factor that affects solar (PV) power in a certain location is the amount of sunlight 
that will hit the solar panel since without sunlight no energy can be produced. The southwestern United 
States has direct sunlight for most of the year. The ideal location for solar panels is usually in a desert 
due to the strength of the sunlight in those locations as well as the large amount of empty and 
undesirable real estate. Higher altitudes allow solar panels to generate more electricity because less 
energy is lost as the light passes through the atmosphere. The City of Santa Fe is in a desert and is also at 
the highest altitude of any state capital in the United States, due to both of these attributes, Santa Fe 
meets many of the ideal conditions for producing large amounts of energy from the sun. The solar 
resource map in Figure 16 shows us the potential the southwestern US has for producing solar power. 
Most modern solar panels that are in development today have an efficiency rate of 
approximately 20%. For example, The SunPowerTM 315 Solar Panel has an efficiency of 19.3% and a peak 
production of 18 Watts per square foot.39 As production costs and efficiencies continue to improve, the 
ability of the world to make the switch to renewable resources is an ever-growing reality. 
By creating large solar plants similar to the one shown in Figure 17 of Nevada Solar One, Santa 
Fe may be able to achieve its goal of lowering emissions to 7% of the 1990 level. 
2.4.2 Solar Thermal Power 
Solar thermal energy is a type of renewable energy that works by absorbing the heat from the 
sun with specialized panels, and keeping it trapped within the panel until the energy is needed. Most 
commonly, basic solar thermal systems are used to heat water in the residential homes in areas of high 
solar radiation. Solar thermal panels are generally made out of either aluminum or copper metals and 
treated with special paints. The panels are frequently roof mounted and connected to a heating circuit 
containing water; this water is heated to a high temperature and then pumped or thermo-siphoned 
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Figure 17 Nevada Solar One 
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around a solar water storage tank. Once the water in this tank is sufficiently heated it is then pumped to 
its final destination, be it a house, hot water tank, a pool, or whatever else may require the hot water.40 
Larger scale installations of solar thermal energy can also be used to generate electricity. Instead 
of simply heating water circuit to heat some other body of water, water is heated to the point of 
evaporation. The steam generated by the evaporated water is then used to turn a turbine which in turn 
generates electricity. Sometimes the steam requires auxiliary heating by way of an external furnace that 
burns fuel. These large scale installations require large amounts of solar heat in order to heat the water 
to the point of evaporation, so it is necessary to concentrate the energy that hits the panel. Very large 
arrays of mirrors are used to accomplish this. The arrays are built in such a way that all the sunlight that 
hits the mirrors is reflected to one point, creating a single point of high thermal energy.41 
2.4.3 Biomass 
Biomass energy is energy that can be obtained from plant matter, such as the heat given off 
when a log is burned in a wood stove. There are efficient biomass burners that have very low emissions 
with the ability to heat large areas. 
Once a biomass boiler is 
installed, buildings can integrate 
biomass plants into their hot 
water system by connecting water 
pipes directly to the biomass 
facility. Usage of conventional oil-
fired boilers would be reduced, 
and hot water would be provided 
externally. Boilers generally have 
an efficiency rating higher than 
90%, which is to say that more 
than 90% of the energy in the 
biomass that is put into the boiler 
will be extracted and made into 
heat. These boilers emit almost no 
smoke and the CO2 that they emit 
would be a very slight amount 
higher when compared to the 
natural decay that would take 
place. 42 
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Figure 18 Large-Scale Biomass Boiler 
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There are currently few domestic city-wide biomass heating facilities. However, there is an 
example of how biomass can be used for heating in the City of Santa Fe43. The Santa Fe Community 
College has been able to supply about 85% of their heat load by burning green waste from solid-waste 
disposal sites, wood slabs, chips and sawdust from wood-products manufacturers, and small-diameter 
timber and slash from forest thinning projects. The major downfall to implementing something like this 
would be the amount of time, labor, and disruption to normal traffic that would occur when tearing up 
roads to install these new heating pipes.44 Biomass is an alternative that has potential in Santa Fe. It is 
claimed that locally-sourced biomass can provide up to 95 percent of the heat load in downtown Santa 
Fe. The use of biomass does not reduce carbon production as much as solar power, but any carbon that 
is produced would have existed from the natural decay of the fuel (tree clippings). The main benefit of 
biomass is that the money for the fuel stays in the community where it can be used for improvements. 
2.4.4 Geothermal 
Geothermal 
energy comes from 
heat that is stored in 
the Earth and is 
used as a source of 
heat for several 
applications. This 
heat can be used 
directly to heat a 
home or business, 
or used to generate 
energy through 
various means. In 
order to use the 
heat from the earth, 
wells are drilled in 
the Earth’s crust; 
the depth of the well depends on how thick the crust is at the location of drilling, as well as if there are 
any hot spots near the surface that could be used as a heat source. The figure above shows how a 
standard geothermal power plant works: the plant taps into a reservoir deep in the crust where it is very 
hot, and injects cold water into the reservoir; next that cold water is heated by the rocks in the Earth, 
and once it is heated up enough, convection currents cause it to rise up a pipe that takes it into the 
power plant. Once the hot water has reached the power plant, it is used to turn turbines using 
convection currents and steam to produce energy.45 Alternatively, geothermal energy can heat buildings 
directly using heat pumps. In this configuration, the earth’s energy is used to heat up a closed -loop 
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Figure 19 Geothermal Energy Plant 
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radiator containing antifreeze or water. A blower then cools off the cooling heating loop, circulating 
warm air into a building. 
2.4.5 Wind Power 
 A massive source of renewable energy is wind power. In order to generate electricity wind 
turbines are placed in areas where there are high wind speeds since the electricity generated is 
proportional to the speed of the wind. Wind is generated by temperature differences in the 
atmosphere, the higher the difference the more wind that is generated. When the wind turns the 
propeller, this turns the shaft that the propeller is attached to rotate which in turn causes a generator in 
the nacelle to convert the rotation into electricity46. There are two main types of wind turbines: the 
horizontal-axis wind turbines (HAWT) and vertical-axis wind turbines (VAWT); the vast majority of wind 
turbines in existence are HAWTs. The average capacity factor (the efficiency at the generating station, 
before transmission) of modern wind turbines is 36%47; the average price paid for electricity generated 
by wind farms is 5¢/kWh48. 
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47
  (U.S. Department of Energy. 2008) 
48
  (U.S. Department of Energy. 2008) 
 
Figure 20 Wind Map of New Mexico 
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Current estimates state that there is the potential for 72 terawatts (TW) of wind power 
generation worldwide, this includes both land installations as well as near shore installations50; in 2007 
the worldwide electrical generation capacity was 4.4 TW. Worldwide in 2007, a total of 164 terawatt-
hours (TWh) of wind power was generated which represented 0.87% of the total electricity generated 
worldwide51. As of 2008 in the United States, wind power provided 1.2% of the total electricity 
generation and 14% of all the renewable electricity 
generated52+53. At the end of 2009, the United States 
had a total capacity of 35 gigawatts (GW) of wind 
power capacity54. As can be seen in Figure 20, New 
Mexico is a decent location for wind power, but not 
exceptional. 
 
                                                                 
49
  (Layton, How Wind Power Works.  2010) 
50
  (Mapping the global wind power resource.)  
51
 (Energy Information Administration. 2008) 
52
  (Energy Information Administration. 2009a) 
53
  (Energy Information Administration. 2009b) 
54
  (World wind energy report 2009. 2010) 
 
Figure 21 Horizontal-Axis Wind Turbine 49 
 
Figure 22 Vertical-Axis Wind Turbine 
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2.4.6 Pyrolysis 
Pyrolysis is a process which occurs in a vacuum; it uses extreme temperatures to reduce the 
matter placed into the chamber into an ash and produces methane as a side product. This methane is 
then sent to an attached CHP generator which uses that methane as fuel to generate heat and 
electricity. The matter placed into pyrolysis plants is usually normal waste, allowing for the disposal of 
waste in return for both electricity and heat56. 
2.4.7 Floatovoltaics® 
The Floatovoltaic® system, designed by Thompson Technology Industries, Inc., is a unique system 
which allows for solar panels on bodies of water. The system has solar panels to be mounted on 
pontoons which include walkways to allow for servicing of the panels and tie downs to prevent the 
pontoons from moving. A secondary benefit of placing the solar panels on bodies of water is that the 
shade caused by the solar panels and Floatovoltaics® will reduce the evaporation of the water, which is 
an interesting side effect since water is not an abundant resource in the Santa Fe area57. 
                                                                 
55
  (Lang. 2007) 
56
  (Casey, Day, Donoghue, & Papia. 2005) 
57
  (Floatovoltaics.2010) 
 
Figure 23 Pyrolysis Cycle55 
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2.4.8 Combined Heat and Power (CHP) Generators  
Combined heat and power generation is a useful tool that allows for generate of electricity in 
addition to heat; they combust a substance be it natural gas, biogas, or the like and use that reaction to 
turn a turbine and use the heat generated as a byproduct to provide heat59. The generators vary greatly 
in size depending on their generation capacity; the small generators are approximately the size of a 
washing machine, produce about 1 kW of electricity and 6 kW of heat60. The larger generators produce 2 
MW of electricity as well as 2.2 MW of heat and are in the range of 250-300 cubic meters61. These 
systems are designed for use in a single building be it a large hotel or a normal house. 
Additionally, the Quanto D2000 also has low emissions: CO ≤ 650 mg/Nm3 and NOx ≤ 500 mg/Nm
3 
where Nm3 is the normal volume of natural gas consumed. 
                                                                 
58
  (Floatovoltaics. 2010) 
59
  (Cogeneration. 2010) 
60
  (The future of energy supply. 2010) 
61
  (Quanto D2000. 2010) 
 
Figure 24 Floatovoltaics58 
 
Figure 25 Quanto D2000 Generation Capacity  
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2.5 Governmental Tools for Adopting Renewable Energy 
Incentives for greener energy exist at all levels of government. In February 2009, President 
Barack Obama signed into effect a $787 billion stimulus package part of which included several billion 
dollars to modernize federal buildings for energy efficiency, as well as $11 billion for investment into 
smart grid projects62. Also at the federal level is a tax credit of 30% with no cap for the value of a 
residential or corporate renewable energy system, solar or otherwise. 
At the state level, New Mexico offers an advance energy tax credit of 10% of the total cost of a 
renewable energy installation for residential and corporate applicants; an additional 6% is given to 
corporate solar installations from a different bill. Yet another tax credit is given based on the amount of 
energy produced from an installation: which amounts to $0.01/kWh for wind and biomass power and 
$0.027/kWh for solar power. Lastly, some tax credit is given for buildings that meet LEED (Leadership in 
Energy and Environmental Development) criteria, based on the area of a building63. 
In Santa Fe, there are additional incentives for clean energy. Homewise Inc. has teamed up with 
the City to offer low-interest loans for homeowners wanting to do energy efficieny and renewable 
energy projects. These loans are given out at a 3.75% interest rate with up to 30-year repayment plans64. 
As part of its carbon futures program, PNM pays out $0.13 for every kWh produced by customers with 
solar installations. Also, any surplus energy generated by a PNM customer is credited to future utility 
bills65. 
                                                                 
62
 (Obama Signs Stimulus Packed With Clean Energy Provisions. 2009) 
63
 (New Mexico: Incentives/Policies for Renewables & Efficiency. 2009) 
64
 (Low-Interest Loans. 2009) 
65
 (PNM Small PV Program. 2009) 
 
Figure 26 Dimensioned Quanto Unit  
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Tallying up all the various incentives for solar power in Santa Fe produces a tax break equal to 46 
percent of the cost of an installation for residential or small scale solar plants. These benefits were part 
of the reason for PNM’s resistance towards the SunEdision installation project. Since the solar power 
would be generated commercially (not municipally) SunEdison would be eligible for the incentives given 
at every government level, including the tax break for each kWh generated. PNM would not benefit 
from the third-party installation, and would lose money through the carbon-cap agreement payouts. 
Without control over its electricity distribution, Santa Fe’s effort for large-scale solar power production 
is stunted. 
2.5.1 Feed-In Tariffs 
Feed-in tariffs are used as a method for governments to encourage the use of certain renewable 
energy resources. They usually have three characteristics: open-access to the grid for the community, 
long-term energy production contracts, and purchase prices based on the cost of production. 
Governments implement a feed in tariff by issuing funds for the development of a given resource, solar 
power for example. Next, independent companies build the necessary facilities to produce the 
electricity, and enter into a contract to sell the electricity to the municipality at a guaranteed rate for a 
set amount of time; the money gained from the tariff can be used as capital for increasing production 
capacity. Tariff rates are usually higher than the electric rates of utilities that use fossil fuels. Feed-in 
tariffs are given as part of locally-derived energy policies, and reduce greenhouse gas emissions while 
improving local economies66. 
The first feed-in tariff in the United States was adopted by Gainsville, Florida in 2009. The plan sets 
the tariff rate at $0.32 per kilowatt-hour (kWhr) for solar power for the next 20 years, with the total 
installed capacity for the City capped at 4MW. This tariff, combined with state and Federal incentives, 
led to the tariff cap being reached minutes after the legislation was enacted67. 
2.5.2 Property Assessed Clean Energy (PACE) Program 
The City of Santa Fe has developed the first PACE program in New Mexico that will take effect in 
October of 2010. This program eliminates upfront costs for renewable energy installations by allowing 
the resident to take out a loan for the value of the renewable system and paying it back over 20 years as 
a special assessment on their property tax68. 
2.6 Municipal Utilities 
One of the benefits of a municipal-owned power infrastructure is the ability to keep electricity 
costs down for residents. Profit margin is not a concern when the municipality owns the power lines. 
The county of Los Alamos currently supplies electricity on its municipality-owned power lines to 9,000 
customers who pay a little more than the PNM rate, but they pay one service charge and none of the 
surcharges that PNM customers pay. The City can install solar farms if the citizens decide to pursue 
renewable energy without waiting for an investor-owned company to find it profitable to do so. 
                                                                 
66
  (Feed-in tariff. 2010) 
67
  (RenewableEnergyWorld.com. 2009) 
68
  (Robinson-Avila. 2010) 
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 Municipal electric utilities represent a shift from the days when electricity use was low and 
energy production was cheap. Back then, it was more convenient for a contractor to operate and 
maintain the city lights. Now, the rationale for keeping electricity distribution and production 
government-owned and operated is the awareness of environmental effects and the increasing use of 
electricity in general. In Sweden, municipalities play a large role in the distribution of electricity. Since 
the late 1970’s, Swedish energy policy has consisted of four major themes: reduction of oil usage, 
phasing out nuclear power, improvement of municipal energy efficiency, and incorporation of 
renewable resources. Likewise, in Canada, a community-derived energy policy is favored. Motivations 
for this include the desire to reduce greenhouse gas emissions, to limit exposure to rising prices for 
centrally generated electricity, or to shift to a more self-sufficient energy system69. 
 Santa Fe does not own its electrical infrastructure, but ownership of  its water utility has proven 
beneficial. Water usage is down and the ability to connect to the Rio Grande via the Buckman Direct 
Diversion project (BDD) should alleviate water shortages. Water rates in Santa Fe have increased, but 
this is due to the existing disrepair of the water utility at the time of Santa Fe’s purchase in 1993. It is 
hopeful that with the acquisition of the electrical distribution system, solar panels can be installed at the 
water treatment stations to reduce operating costs. 
2.6.1 Municipial Utility Division: Farmington Electrical Utility System (FEUS) 
The City of Farmington has owned its electric utility since 1959, after official ownership was 
transferred from Basin Light and Power. Since then, the utility has gone through a series of 
improvements. In 1981, a 42,000 kW stake was purchased from PNM’s San Juan generating plant. Two 
years later, a 32 MW hydroelectric facility was constructed at Navajo Dam. In 1994, the Animas 
combined cycle plant was completed, increasing the company’s generating capacity by 25,600 kW using 
a plant 38% more efficient than the FEUS’s next most efficient facility. In 1998, the company updated its 
supervisory control and data acquisition system (SCADA) to enable remote monitoring of customer 
demand and source switching. SCADA allows programming the grid to select the most efficient mix of 
generating sources for a particular load situation. One year later, in 1999, FEUS installed automatic 
meters at customer locations.70  
 The case study of Farmington has made evident some benefits of a municipal owned utility. The 
in-house design and construction of facilities has led to substantial savings over contracting private 
companies. Farmington has been using a smart-grid-like control system and smart meters for over ten 
years, which is in contrast to the induction-type mechanical meters still found on the majority of 
buildings in Santa Fe. Most notably, electric utility rates experienced no increase between 1982 and 
2007 while the population of San Juan County increased 24.2%. Today, the utility price is at $0.08/ kWh, 
about 20% less than the New Mexico average. In Santa Fe, PNM employs a progressive billing scheme, 
where each kWh becomes more expensive as more energy is used. The average homeowner ends up 
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 (Nilsson & Martensson. 2003) 
70
 (Farmington electric utility history. 2007) 
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paying $0.091 per kWh not including fuel surcharges, although the rate is much higher during the 
summer months.71 
2.6.2 Private-Public Partnership (PPP) 
In a PPP the public contracts a private party that will assist in some task, for example in running 
an electric utility. In that case, the private party would be hired to maintain, operate and possibly invest 
in the utility while how the private party generated revenue would have to be decided by the 
municipality that hired it72. Qwest Communications is a private company whose coverage spans 14 
states to provide voice, video, and data services. Under their contract in New Mexico, Qwest provides 
service to 24 rural and urban communities throughout New Mexico which the state consolidates into 
one network. Benefits to the state include the ability to perform high-speed data transferring tasks such 
as distance-learning and telemedicine and, also, more affordable long-distance communication services. 
The employment of Qwest in New Mexico has opened up opportunities for commerce where none has 
existed before due to the lack of high speed communications in the rural areas of the state73. 
2.6.3 Co-Operative 
A third option of ownership and operation is a co-op. A co-op is structured such that every 
member who pays the co-op owns part of it. Co-ops are usually found in rural areas where the demand 
for electricity is not high enough for a commercial company to install infrastructure for the distribution 
of electricity. Several areas where service is needed can group together to buy electricity. Essentiall y, a 
co-operative is a democracy in which the consumers are also the executives and are able to decide the 
course of the co-op74. Kit Carson Electric (KCE) is a successful co-op based in Taos County, New Mexico, 
but it serves three different counties which amounts to 29,000 customers. The success of KCE lies in its 
attention to customers. The customers of KCE wanted more services, like propane delivery and high-
speed internet, so the company installed fiber-optic cables inside its service area and started a propane 
division in the early 2000’s. With the support for broadband internet the system can now support smart 
meters, of which 19000 were in place as of 2008. The actions of KCE also reflect the environmental 
awareness of the customers, for the company operates a 500 kW solar electric system for a local 
community college, with future solar installations in progress. 
2.7 Government Bonds and Santa Fe 
The conventional way for municipalities to raise money for services (such as building schools, or 
buying city utilities) is through the sale of bonds. A government bond is a loan to the government that 
yields interest over time, eventually reaching maturity at some point determined by the seller of bonds. 
Selling bonds starts with the issuance of bonds by the government entity that needs them. The issuer 
works with a bond dealer, usually a bank or financial firm that takes on government dealings, to set 
interest rates and maturation dates. Once the bonds are approved, they are sold to private investors, 
banks, insurance companies, or any other entity. 
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  (PNM. 2010) 
72
  (Public-private partnerships. 2010) 
73
  (Public-private partnerships. 2010) 
74
  (About co-ops. 2010) 
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Bonds can have different maturation dates and different yields. For example, the first year of 
maturation in Table 2 shows that the total amount of bond value maturing in 2010 is $150,000 and the 
interest rate is 2% annually. The bonds maturing this year are comparatively low in value and yield when 
compared to the other values in the chart. Table 2 also shows A and B-type bonds, the latter meant for 
long-term investing75. 
Lastly, the City must worry about its bond capacity. Although Santa Fe currently has a AAA bond 
rating, over-borrowing would lower the City’s credit. Without the ability to issue bonds, progress on 
municipal projects is halted. 
In November of 2009, the City of Santa Fe issued bonds for the sum of $61 million for the 
acquisition and maintenance of its water utility, as well as the sourcing of funds for the Buckman Direct 
Diversion (BDD) program. The raising of funds is in response to the water supply and the quality of water 
in Santa Fe. Acquiring the water utility allows plans pertaining to the Buckman program, an effort to 
reduce the City’s dependence on ground water, to proceed without the resistance of private owners.  
Also, the City of Santa Fe will be able to cooperate with the Los Alamos National Laboratory to reduce 
water supply contamination76. The bonds for the BDD program currently hold an AAA rating, which is 
the highest. This is a testament to the positive response given by the citizens in their water use 
reduction efforts to keep government operating costs down. 
                                                                 
75
  (City Clerk - 2009 Ordinances - 2009-047. 2009) 
76
 (City Clerk - 2009 Ordinances - 2009-047. 2009) 
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2.7.1 Bond Types 
Municipal bonds come in two types: general obligation (GO) and revenue bonds. GO bond 
repayment takes place through increased taxing and, as such, is low-risk and low-interest compared to 
revenue bonds. On the other hand, revenue bonds are repaid over long periods (usually 20 years or 
more) and are dependent on 
revenue generated from 
municipal services such as city 
water. Revenue bonds are 
more risky due to the 
unforeseen circumstances a 
municipal service may 
encounter. One example of 
this is if the components of 
the water utility need 
replacement and incur costs 
not accounted for in the 
original bond agreement.77 
2.7.2 Bond Risk Factors 
Bonds have risk factors 
associated with them. 
Interest-rate risks refer to the 
fixed accruement rate once an 
investor purchases a bond; if 
interest rates increase, the 
bond still holds its original 
return rate. If the interest rate 
increases, a fixed-rate bond 
would not be as profitable. 
Call risk is another 
characteristic of bonds, where 
the issuer has the option to 
repay the investor before 
bond maturation with a 
premium added for early 
termination. Most important 
is the credit rating of a bond, or the likelihood at which an issuer will fail to repay bonds. Currently, the 
Santa Fe water bonds hold an AAA rating, indicating that they have very little chance to default. This 
rating influences the interest rates the bonds have in order to tempt investors to purchase them, the 
higher the rating, the lower the interest rate can be since it has a lower percentage of defaulting.  
                                                                 
77
  (Investopedia Staff. 2010) 
Table 2 Bond Maturation and Yield, A-Type (Top) and B-Type 
(Bottom) 
Amounts  
Maturing 
Interest Rate 
(Per Annum) 
Year 
Maturing 
$150,000  2.000% 2010 
695,000 2.000% 2011 
710,000 2.000% 2012 
725,000 2.250% 2013 
740,000 2.500% 2014 
760,000 3.000% 2015 
780,000 3.000% 2016 
805,000 3.250% 2017 
830,000 3.500% 2018 
860,000 4.000% 2019 
895,000 4.000% 2020 
930,000 5.000% 2021 
975,000 5.000% 2022 
1,025,000 5.000% 2023 
1,075,000 5.000% 2024 
1,130,000 5.000% 2025 
2,435,000 5.000% 2026 
2,560,000 5.000% 2027 
 
4,975,000* 6.000% 2029 
$36,915,000* 6.200% 2039 
*Term Bonds, subject to 
mandatory sinking fund 
redemption 
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2.7.3 Santa Fe Water Bond Financial Plan 
The financial plan detailed for the Santa Fe water bonds account for: 
 1.5% city growth rate, 
 3.0% annual inflation for operations and maintenance, 
 3.5% annual inflation for the capital investment plan (CIP), 
 9 Year CIP of $185,871,846, 
 Minimum target fund balance of $10 million, 
 Debt Service Coverage Target of 1.578 
 Figure 27 Water Bond Financial 
Planindicates that to pay for the 
bonds that made the purchase 
possible, Santa Fe has adopted a plan 
that progressively increases the water 
billing rate 8.2% per year for 5 years, 
which started in 2008. Spreading out 
the increase over 5 years “allows for 
better planning and helps avoid large, 
single-year corrections to the rates,” 
according to Santa Fe Water Utility 
webpage79. From a consumer 
standpoint, this translates to a less drastic adaptation to household spending. By spreading out the 
increase, time is given for household incomes to adapt which places less strain on citizens. This is 
especially important for the low income sector of Santa Fe. 
                                                                 
78
  (Gallaher & Aranda. 2009) 
79
  (8.2% for a safe and sustainable water future. 2009) 
 
Figure 27 Water Bond Financial Plan 
Table 3 Estimated Monthly Water Bill Over the Next 5 Years for a 
Household 
Average Residential Water  Bill Estimates 
Existing 31.5 
1st Year (2009) 34.1 
2nd Year (2010) 36.9 
3rd Year (2011)  39.9 
4th Year (2012) 43.2 
5th Year (2013) 46.7 
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2.8 Public Service Company of New Mexico (PNM) 
PNM is the electric utility that provides 
electricity to Santa Fe and a large portion of the New 
Mexican population. PNM, from 2002-2007, had been 
under a rate freeze, which prevented them from 
increasing rates. In 2008, the freeze expired since then 
there has been 4 rate increases and PNM has 
requested a 25% rate increase to come into effect this 
August. With the average electricity price to the 
residential consumer at approximately 11.46 ¢/kWh, 
this 25% increase with cause a significant increase to 
approximately 14.3 ¢/kWh. Table 4 through Table 6 
shows the current electrical rates for the three 
different types of consumers. Table 7 shows the 
derivation of the operating costs PNM has for 
providing electricity to the City of Santa Fe. 
In addition to the rate increase, PNM has also 
been slow in constructing, using, and encouraging the 
use of renewable energy such as solar power, wind 
power, geothermal power or biomass. The Public 
Regulatory Commission (PRC) has issued a 
requirement that public utilities must provide 20% 
renewable energy by the year 2020; however as can 
be seen in Figure 28, PNM will not make that goal, in 
fact at their current rate, PNM will reach 20% 
renewable energy in the year 2055 or so. 
 
                                                                 
80
  (PNM: Electricity rates. 2010) 
81
  (PNM: Electricity rates. 2010) 
82
  (PNM: Electricity rates. 2010) 
Table 4 Residential Electric Rate80 
Rate 1a 
Customer Charge 4 per bill  
Fuel Charge 0.020243 $/kWh 
Summer   
First 200 0.073254 $/kWh 
Next 500 0.116918 $/kWh 
Other   
First 200 0.073254 $/kWh 
Next 500 0.100884 $/kWh 
Table 5 Commercial Electric Rate81 
Rate 2a 
Customer Charge 7.75 per bill  
Fuel Charge 0.020243 $/kWh 
Summer 0.11783 $/kWh 
Other 0.09855 $/kWh 
Table 6 Industrial Electric Rate82 
Rate 4b 
Customer Charge 7250 per bill  
Fuel Charge 0.020243 $/kWh 
Summer   
On Peak  0.0645 $/kWh 
Off Peak  0.033500 $/kWh 
Other   
On Peak  0.05065 $/kWh 
Off Peak  0.033500 $/kWh 
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Figure 28 PNM Renewable Electricity Generation 
 
Figure 29 PNM Electricity Rate Over Time 
Table 7 Operating Cost Calculation 
PNM Profit 45.8 M of $ 
PNM Revenue 458 M of $ 
PNM Total Operating Costs 412.2 M of $ 
PNM Power Plant Additions and Maint enance 300 M of $ 
PNM Other Operating Costs 112.2 M of $ 
City of Santa Fe Operating Cost Percentage 14.8%  
City of Santa Fe Operating Cost 16.6 M of $ 
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3 Methodology 
This project will assess the feasibility of having the City of Santa Fe purchasing their electric 
infrastructure and determine the benefits to the City for the purchase with the end goal of allowing the 
City to add renewable sources of electricity generation to the grid. 
 The project will occur between March 14, 2010 and May 2, 2010, however, even if the purchase 
is found to be feasible, it is unlikely that it will occur during that time frame due to practical restrictions. 
 We plan to fulfill our goal by performing the following steps: 
1. Determine the value of the current electrical infrastructure of the City of Santa Fe 
2. Investigate the potential for incorporating renewable energy into the municipal grid  
3. Developing a Plan to Achieve the Sustainable Santa Fe Plan 
 
 
Figure 30 Flow Chart of Methodology 
Calculate 
Current 
Value of 
Infrastruct
ure  Dev lop 
Finance  
Methods 
Explore 
Ways to 
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SSF Plan 
with 
Renewab
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3.1  Determining the Current Value of the Electric Infrastructure 
 The value of the electric infrastructure must be calculated before a recommendation can be 
made to the City of Santa Fe about whether or not they should purchase the infrastructure. PNM made 
GIS layers of substations, distribution lines, transmission lines, and utility poles available to the team; 
however they did not provide GIS layers for transformers or for meters. They also did not provide any 
GIS layers for the electrical infrastructure of Santa Fe County. By using the layers and certain features of 
ArcGIS, the team automatically tabulated the number of each component that they had a layer for. In 
order to determine the number of transformers, the team used both a previous report from Worcester 
Polytechnic Institute83 and visual observations; in order to determine the number of meters the U.S. 
Census Fact Finder84 was used. In order to calculate the number of components in the County, the team 
used ratios derived from the actual data of the City, with the exception of substations which were 
determined via a diagram of substations in the Northeastern New Mexican area. The team will then 
multiply the number of components by their replacement costs, which were determined through the 
Boylston report85. Through research of PNM and City land the team has determined that there are no 
power plants located in either the City of Santa Fe or the County. 
In order to properly calculate the value of the infrastructure, the age of each component is 
necessary; this piece of data was not provided in the GIS layers, therefore the age must be calculated via 
indirect means. From the Census Fact Finder, the age of all the residential buildings in Santa Fe is given. 
The team combined that datum with the assumption that the electric infrastructure was built when the 
residential buildings were, in order to provide them with service; therefore the approximate age of the 
infrastructure can be determined. 
The final part of determining the value of the infrastructure is finding the operating costs; the 
data that PNM provided the team did not include this. Therefore, the team decided to derive an 
estimate instead; first the amount of electricity that PNM generated in 2008 was compared with how 
much energy the City consumed to determine the percentage that the City represented out of PNM’s 
entire portfolio. The total operating costs for PNM were also given in their Sustainability report, the 
team subtracted out the cost for maintaining power plants and then multiplied by the percentage 
derived from earlier. This gave the team a rough estimate of the operating costs that the City would be 
responsible for if they acquired the infrastructure. 
3.2 Exploring Different Strategies of Acquiring the Electric Infrastructure  
There are two main possibilities with respect to the infrastructure: not purchasing it or purchasing 
it. If the infrastructure is purchased then there are three further possibilities: continue to buy electricity 
from PNM, buy electricity from another utility, or construct power generators in the City. The team 
performed a financial analysis of all the options, using mortgage style calculations in order to calculate 
the bond payment schedule that the City would have to follow in order to pay for the purchase of the 
infrastructure and any power plants that they built; for this calculation, two different bond interest rates 
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  (Casey et al.. 2005) 
84
  (U.S. census bureau american fact finder. 2010) 
85
  (Casey et al.. 2005) 
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were used: 4.5% and 6%. The total amount of money the City would have to pay each year includes the 
operating costs, electricity purchases, and debt servicing which may or may not include power plant 
construction costs. The electricity purchase cost was calculated by assuming the City would act as one 
entity and purchase electricity from PNM at a bulk rate. The debt servicing would be dependent on the 
value of the infrastructure in addition to any power plants constructed at an interest rate of the either 
4.5% or 6% mentioned above. The revenue that the City would make was set equal to the current 
amount of revenue that PNM makes from Santa Fe which was calculated by using the electricity 
consumption data given by the City and the rate schedules from PNM’s website. 
3.3 Developing a Plan to Achieve the Sustainable Santa Fe Plan 
 The next objective explores the possibilities of integrating renewable sources of energy such as 
solar, wind, biomass or pyrolysis into the electric infrastructure of Santa Fe, which will include 
considerations for locating of the renewable plants such that minimal upgrades to the infrastructure will 
be required. First, the team will gather solar radiation, wind speed, and biomass resource maps of the 
City; then the team will find the amount of land available for placing renewable energy sources by using 
the parcel and building footprint layers of the City that were given by the City. Next, the team will find 
the cost of each system will be determined and finally all three factors will be combined in order to 
determine the feasibility of incorporating renewable energy into the electric grid. 
 Part of the cost for each power plant will include the cost for connecting it to the existing 
infrastructure. Practically, this means that the power plants need to be located near a substation or 
have one constructed near it in order to properly regulate the voltage of the outgoing electricity; in both 
cases either the cost of a new substation or the cost of the transmission line to connect the plant to a 
substation must be accounted for. 
 As part of the renewable energy feasibility factoring in renewable energy incentives is 
important. For renewable power sources, a variety of tax credits apply: some specific to only a certain 
renewable resource, these tax credits included federal and state credits specific to New Mexico. In 
addition to the tax credits, as green energy releases less carbon emissions than conventional power 
plants, it would be possible to sell the saved amount of carbon on the carbon futures market; currently 
the rate is $6.50 per metric ton of CO2. The amount of CO2 that will be available to sell will be specific to 
each source and the cost savings will be factored into the cost of the each renewable option. 
In order to assist in the calculating the effects of renewable energy and sources on Santa Fe’s 
greenhouse gas emissions and cost, the team developed a simulation program in NetLogo. The program 
will allow for the user to place a variety of types and sizes of renewable sources onto a map of Santa Fe 
and observe what the effects of that power plant are on the green house gas emissions of Santa Fe . 
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4 Results & Analysis 
In this chapter, the number and type of each component of the electrical infrastructure in both 
the County and City of Santa Fe are given along with the associated replacement cost for each one; 
second, the amount of renewable energy the City could support and the locations where it could be 
constructed are analyzed; finally, the feasibility of purchasing the infrastructure and an analysis of some 
possible scenarios for electricity production are given. To calculate values, the team acquired GIS layers 
of PNM’s utility poles, distribution lines, power substations and transmission lines with the City of Santa 
Fe’s jurisdiction. Unfortunately, PNM did not supply GIS layers for transformers and meters in Santa Fe’s 
jurisdiction only GIS layers of the City’s infrastructure from PNM except for transformers and meters 
was received. Therefore the location of the County’s infrastructure is unknown except for power 
substations which were garnered from another source; however, the numbers of the County 
components were calculated using ratios from the City GIS layers. 
4.1 Inventory and Cost of the Electrical Infrastructure  
In this section the number, type, location, approximate age, and the cost of each component of 
the electrical infrastructure are detailed. Overviews of the infrastructure are shown in the figures below. 
 
Figure 31 Electrical Infrastructure  
 
Figure 32 GIS Layers of Infrastructure in Santa Fe, NM 
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4.1.1 Power Substations 
One part of the data that PNM graciously 
provided was a GIS layer of all the substations in 
the City of Santa Fe’s jurisdiction which can be 
seen in Figure 33; Figure 34 was used to find the 
substations in the County. 
In the GIS data there were two different 
types of substations: 46,000 volt (46 kV) 
substations and 115,000 volt (115 kV) substations 
with nine 46 kV substations and three 115 kV 
substations. 
Finding the Warner substation pictured 
below proved to be difficult due to the fact that 
the substation is enclosed in a walled structure 
except for a few sections of metal fencing. 
Each type of substation has a different 
replacement costs associated with it; in the case 
of the 46 kV substation the cost is approximately 
$4.8 million per station and the 115 kV 
substations cost approximately $7 million per 
station87. The total replacement cost for the nine 
46 kV substations and the four 115 kV substations 
comes to $71 million. 
                                                                 
86
  (Evaskovich, 2005) 
87
  (Cibola Engineering, 2008) 
 
Figure 33 GIS Power Substation Layer 
 
Figure 34 Santa Fe County Power Substations 86 
 
Figure 35 Value of Power Substations in Santa Fe 
 
Figure 36 Power Substations in Santa Fe 
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Figure 37 Warner Power Substation 
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4.1.2 Distribution Lines 
The next part of the inventory was 
the distribution lines; PNM graciously 
provided this layer as well, which can be 
seen in Figure 38.  
When attempting to find the miles 
of distribution line in the County, the road 
and distribution line layers were overlaid; 
an almost exact correspondence was noted. 
Therefore, to determine the amount of 
distribution lines in the County, a ratio of 
1.06 miles of distribution lines to miles of 
road was used; this was derived from the 
ratio of distribution lines to roads in Santa 
Fe for which the team possessed 
exact, accurate numbers for. From 
the Santa Fe County website the 
total amount of roads in the 
County was discovered to be 2,900 
miles; therefore the total 
estimated miles of distribution line 
was 3,100 miles. 
Using the “Improving the 
Electrical System Management for 
the Town of Boylston, MA” report 
from Worcester Polytechnic 
Institute, the replacement price for 
one mile of distribution line was 
found to be $9,830; therefore the total value of the distribution lines in Santa Fe City is $5.9 million and 
the value of the distribution lines in the County is $30.5 million.  
 
Figure 38 GIS Distribution Line Layer 
 
Figure 39 Breakdown of Distribution Lines  
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4.1.3 Utility Poles 
The last layer received from 
PNM was the utility pole layer seen in 
Figure 40. Unfortunately, the utility 
pole layer had limited usefulness, since 
the information for the poles did not 
include whether or not the pole had a 
transformer mounted to it or the height 
of the pole. As with the previous two 
layers, the utility pole layer did not 
extend beyond the City limits and as 
such required an alternative means of 
calculation. Similar to the distribution 
lines for the County, the team used 
another ratio, this time the number of 
poles per mile of road was calculated 
which resulted in an average of 23.5 
poles per mile of road which is about 
one pole every 225 feet. After 
observing many of the utility poles in 
Santa Fe, most of them appeared to be 
of the 40 foot variety. As such, the cost 
of each pole becomes 300 dollars with 
a total utility pole cost of $4 million for 
the City and $20.5 million for the 
County88. 
                                                                 
88
  (Rainoe et al.. 2007) 
 
Figure 40 GIS Utility Pole Layer 
 
Figure 41 Breakdown of Utility Poles 
 45 
 
4.1.4 Transformers 
The next section of the infrastructure was 
transformers; PNM declined to provide this GIS 
layer. In the Boylston report, a total of 600 
transformers were recorded and the total houses 
in the area was 1,600 indicating that the average 
is about 1 transformer per 3 houses, this ratio 
was confirmed via observations of transformers 
in various sections of Santa Fe. The transformers 
observed seemed to come in two varieties: 25 
kilovolt-ampere (kVA) transformers and 50 
kilovolt-ampere (kVA) transformers. The number 
of houses in the County was determined to be 
67,00089 and using the 1:3 ratio the total number 
of transformers in the County was determined to 
be 22,400. For the City, the number of 
consumers including both residential and 
commercial was estimated to be 37,00090. 
Also in the Boylston report the costs for 
the 25 kVA and 50 kVA transformers were 
stated to have an average of 1,400 dollars. 
Therefore the total cost of the 
transformers in the City was found to be 
$17.4 million and $31.4 million for the 
County. 
                                                                 
89
  (U.S. census bureau american fact finder. 2010) 
90
  (U.S. census bureau american fact finder. 2010)  
 
Figure 42 GIS Transformer Layer 
 
Figure 43 Breakdown of Transformers  
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4.1.5 Meters 
The meter is the last component of the 
infrastructure and PNM did supply some data 
related to them: their total amount of customers 
in Santa Fe is 40,000 ± 10,000 customers. 
Needless to say this is a very large range, 
however, using the U.S. Census Fact Finder to 
determine that the total amount of residential 
buildings in Santa Fe, which was 32,000, thus the 
total number of consumers should be 37,000 in 
order to account for various commercial and 
industrial consumers. The same process was then 
applied to the County using the combination of 
residential buildings from the U.S. Census Fact 
Finder and increase the total number by The 
vast majority if not all of the meters in the 
City and the County are electromechanical in 
nature, thus the cost is very low, about 25 
dollars per unit; the total cost of the meters 
is 1 million dollars for the City. 
 
Figure 44 GIS Meter Layer 
 
Figure 45 Breakdown of Meters  
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4.1.6 Cost Summary 
In the following figures, the elements of the cost are broken down into their individual 
components showing which element is the most expensive. As can be seen, the substations make up 
more than 70 percent of the total cost of the infrastructure in the City and slightly over 50% i n the 
County, reflecting their 
hefty construction cost. 
 
 
 
 
Table 8 Cost Summary 
  County (M of $) City (M of $) 
Substations $97 $71 
Poles $20 $4 
Transformers $31 $17 
Distribution Lines $30 $6 
Meters $2 $1 
Totals $181 $99 
 
Figure 46 Electrical Infrastructure Cost Summary for the City  
 
Figure 47 Electrical Infrastructure Cost Summary for the County  
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4.2 Strategies for Acquisition and Operation  
This portion of the paper will lay out two main possible plans of action and discuss their 
consequences and how to perform them in terms of the City of Santa Fe since the data for the County 
was not provided. In this section several numbers are used throughout all of the options: a bond term of 
30 years, and a default operating cost of $16.6 million which includes repair costs, personnel costs and 
capital expenditures. The operating costs were determined by taking the total profit of PNM which was 
$45.8 million and multiplying by 10, since PNM cannot make more than a 10% profit, to achieve 
revenue. From this was subtracted the cost of power plant additions and maintenance and the 
remainder was multiplied by 14.7% because Santa Fe is that percent of PNM’s market. 
4.2.1 Do Nothing Plan 
The do nothing plan is very simple; the City does nothing, renews their franchise agreement 
with PNM and continues to purchase power from them. 
Of course, the most beneficial part of this course of action is that nothing needs to be done, no 
bonds need to be sold, the City or County government has to do nothing, but the looming threat of 
future rate increases does cast a shadow over these benefits. 
4.2.2 Acquire the Electrical Infrastructure 
The alternative option to doing nothing is acquiring the infrastructure from PNM. The easiest 
option for all involved would be if PNM was willing to sell the infrastructure to the City; however, if PNM 
did not do so; the City has the ability to use their right of eminent domain which allows them to seize 
the property of a private citizen if they also give 
monetary compensation. Now in the previous 
section the total sum of the value of the inventory was calculated along with the replacement value of 
all the components, however, replacement cost would mean that the item is brand new and that is 
simply not the case for the vast majority of infrastructure in the City and County.  
 
Figure 48 Santa Fe County Residential Building Age 
 
Figure 49 Santa Fe City Residential Building Age 
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The above figures show when the residential buildings in both the County and City were 
constructed; this data can be used to interpolate the age of the electrical infrastructure since in most 
cases the infrastructure would not be constructed until there was a demand. Likewise commercial 
buildings would not be built until there 
were consumers to use them. Each 
component of the infrastructure has a 
certain lifetime before it needs to be 
replaced; this age can be linked with the 
age of the infrastructure to determine the 
depreciation value of the infrastructure. 
From Figure 50 the current value of the infrastructure for the year of 2010 is approximately 60% 
of what the full replacement cost would be; in other words the value of the infrastructure would be 59.6 
million dollars. 
Unfortunately the way the value of the infrastructure is calculated according to the electrical 
utilities is based on how much profit the infrastructure is making; that is to say no matter how old or 
outdated the infrastructure is, if it is still making as much money as it was originally than it is worth the 
original value. Therefore the City and PNM would have to determine the true value of the infrastructure 
between them. 
Since the value of the infrastructure might in fact be its replacement cost, it was decided to set 
the purchase price equal to $148 million in order to account for the $99 million value of the 
infrastructure, $30 million in legal fees and $18 million in order to separate the City’s grid from the 
County’s grid. We developed two scenarios: one in which the bond interest rate is 4.5% and another 
where it is 6%.  
Table 9 Lifetime of the Components of the Infrastructure  
Power Substations 50-87 years  
Power Line 30-40 years  
Utility Poles 30-40 years  
Transformers 40-50 years  
Meters  30-60 years  
 
Figure 50 Depreciation of the Replacement Value of the Infrastructure  
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 In our scenarios the worst case was assumed, that is the value of the infrastructure would be its 
replacement cost; additionally the operating costs were also assumed to be 100% of what PNM paid. 
These results are summarized in Table 7 Operating Cost Calculation. Since the New Mexico Public 
Regulatory Commission sets the rate of return that a utility can make, PNM is required to make less than 
10 percent in profit; as a result, there might be a tendency to purchase more capital goods then 
necessary in order to make sure they do not exceed their profit margin. Therefore, one of the easiest 
values to manipulate is that percentage since the City should be able to operate far more efficiently 
since their goal will be to make no profit anyway there is no incentive for them to spend excess money. 
 The revenue that the municipal utility would make was determined by taking the amount of 
kilowatt-hours that were consumed by each sector last year multiplied by the lowest of their respective 
rate schedules: 1a for residential, 2a for commercial and 4b for industrial. 
In order to determine the amortization schedule a mortgage style schedule was used, which has 
a certain amount of both the interest and principal paid back ever year where interest makes up most of 
the payment at first, then the principal makes up the majority of the payments. The amortization 
schedules for the bonds may be seen in Appendix B – Bond Amortization Schedules.  
After calculating the debt servicing, the amount of revenue required is within the capabilities of 
the City to generate solely from the utility.  
Once the infrastructure has been acquired, the source of the City or County’s electricity must be 
determined; there are three main options: continue to buy electricity from PNM, buy electricity from a 
different utility company and wheel it over PNM’s transmission lines or construct your own power 
plants. 
Table 10 Energy Consumption in Santa Fe County  
Santa Fe Division Energy Usage by FERC Class 
Includes City and County Usage 
          
Year Residential kWh Commercial kWh Industrial kWh Total kWh 
2009 395,363,368 495,335,846 1,108,270 891,807,484 
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4.2.2.1 Option 1) Electricity Purchase from PNM 
In this scenario, the City or County continues to purchase electricity from PNM at a rate 
schedule similar to that in Figure 51. This rate schedule is designed for large manufacturing plants with a 
demand of at least 30 MW. In order to meet the Sustainable Santa Fe Plan, the City will need to 
purchase 40% of its energy from renewable sources. However, Rider 11 (the option offered by PNM to 
allow its customers to purchase renewable energy) requires that the customer purchase a certain 
percentage of their annual energy consumption from renewable sources. The percentage levels that 
PNM offers are 1, 2, 3, 5, 10, 25, 50, or 90 percent, therefore the City must buy 50% its energy as 
renewable energy. If the City purchases power from PNM with those condi tions, the total would be $56 
million dollars annually with the breakdown given in Figure 51; this represents a savings of $11.71 
million. 
 
 
 
 
 
Figure 51 PNM Rate Schedule 30b 
Table 11 Bond Payment Changes  
Bond Interest Rate Annual Payment  Annual Revenue  
4.5% 82.04 Million 67.3 Million 
6% 83.69 Million 67.3 Million 
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In Figure 52 and Figure 53 the tradeoff between cost to the end consumer and the percentage 
by which the City can reduce the $16.5 million operating cost for the infrastructure is detailed. The more 
the City decreases the operating costs, the less they can charge the consumer, unless the City reduces 
operating costs to 11.2%, $1.9 million, the rate to the consumer will have to increase. There are two 
main disadvantages to this plan: first, the City is dependent on the rate that PNM charges them, which 
means that every time PNM has a price increase that increase is passed onto the residents and 
commercial companies in Santa Fe which is the same situation the City is currently in, at the mercy of 
any rate increases. The second disadvantage is the difficulty in meeting the Sustainable Santa Fe Plan. 
 
Figure 52 Option 2) Residential Tradeoff 
 
Figure 53 Option 2) Commercial Tradeoff 
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While PNM offers consumers the ability to purchase renewable energy, speci fically wind, at an increased 
price per kilowatt-hour, PNM only has a limited amount of renewables and the rider states that if a 
customer desires renewable energy that PNM cannot supply, the customer has to wait until the energy 
is available. 
4.2.2.2 Option 2) Electricity Purchase from Different Utility 
This scenario would see the City or County purchasing power from a third party provider. The 
main advantage of this plan would be the ease with which renewable energy could be purchased. 
However, unless an extremely low rate deal was struck with a third party provider, the end result would 
still be an annual payment at least equal to the one for the 30b rate schedule discussed above, since a 
payment would have to be made to PNM in order for permission to wheel electricity over their 
transmission lines. 
4.2.2.3  Option 3) Generate Own Electricity 
This set-up has the City or County construct, own and operate its own power plants. The 
advantage of this plan is that the amount and type of energy is based completely on what the City or 
County wants to have; with this scenario fulfilling the Sustainable Santa Fe Plan will be easy. Technically, 
it is possible to perform the purchase and construct power plants. The City requires a peak generation 
capability of 100 MW; however, at peak load the City must maintain a 25% reserve capacity: therefore 
the total amount of power generation must be 135 MW. Additionally, the City must be capable of 
generating that entire amount when there is no sun, no wind or anything of the like. The cost analysis in 
each of the following two options includes the 30% Federal photovoltaic tax credit additionally, the $56 
million annual cost for electricity is factored in for the first four years, showing that the City will 
purchases electricity from PNM until their power plants are operational. 
4.2.2.3.1 Option 3a) Combined Cycle Natural Gas Plant and Photovoltaic Arrays 
One option for the power portfolio is a 135 MW combined cycle natural gas plant and a 30 MW 
photovoltaic solar array. The photovoltaic array is included due to the high solar potential in the area 
and the zero emission nature of the solar arrays; the combined cycle natural gas plant is included since  it 
has low emissions, is rampable , and is not reliant on any sort of weather condition 
4.2.3 The size of the photovoltaic array can be increased or decreased in order to suit 
energy needs since there are a large number of potential sites for photovoltaic arrays 
as discussed in 4.3.2 Sustainability Tool in NetLogo 
The team made a tool that could help City Planners to simulate possible solutions for reducing 
the City’s GHG emissions to reach or exceed the goals outlined in the SSFP. This program would provide 
the user with a way to create power generation scenarios and observe what the emissions would be 
with a certain combination of power plants. NetLogo was used to create this tool because of the 
simplicity and speed of designing a simulation tool in NetLogo. NetLogo is an agent-based simulation 
programming environment that is used for dynamic modeling.  The Team designed and created a 
simplistic version of the Sustainability Tool to demonstrate some of the key features the team would like 
to see the tool to have. 
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The tool created by the team allows the user to view some of Santa Fe’s GIS Layers and create 
scenarios that the City could implement for powering the City. The user can turn on and off different GIS 
layers of the City that show where the City’s water reservoirs are located to allow the placement of Solar 
power plants on the actual location of the reservoirs in the case of planning for Floatovoltaics. To add a 
power plant to the energy portfolio, the user runs the simulation, and then clicks on the respective 
button for the top of plant they would like to build, and then the user may click anywhere on the map to 
place the power plant. The various statistics for energy generation are updated to include the new 
energy resource so that the user may determine if their scenario provides enough power for the City to 
operate, and well as how well the SSFP’s goals are met. 
For instance, the user might want to build a Combined Cycle Natural Gas power plant just 
outside the City. To do this, the user would type in a value for the capacity of the power plant, click on 
the ‘Natural Gas (CCNG)’ button, and then cl ick on the map where they would like that power plant 
built. The simulation keeps track of the total emissions from energy production as well as the current 
capacity of the energy production of the simulation. 
The simulation plots the 2008 values of emissions as well as Santa Fe’s required energy capacity 
on two graphs in the program’s window so that the user can see how the simulation compares to what 
the emissions were in 2008, and if the simulation has enough power to actually sustain the City.  Figure 
59 shows a simulation of a scenario where a 135 MW CCNG and a 30 MW photovoltaic array are used to 
provide full power for the city, as discussed in Section 4.2. In the screenshot, the yearly emissions of that 
scenario would allow Santa Fe to meet the goals of the SSFP. This simulation tool is important because it 
allows anyone to be able to come up with a scenario for the City to be able to generate power for itself. 
It could also easily be adapted to the specifics of other cities that may also have a desire to improve 
their GHG emissions levels.  
Due to the time constraints of this project, there was not enough time to perfect the simulation 
tool, and the team has come up with several ideas for improving and expanding upon the original tool: 
1. Cost analysis tool to show what the utility rates would be needed for the City to compensate 
for the City’s debt load incurred by building power plants or other infrastructure 
improvements. 
2. Showing the compatibility of new distribution infrastructure additions, such as erratic power 
sources (wind, solar). 
3. Allow for the ability to create solar installations based on land parcel and roof size for a 
more detailed simulation of small solar installations. 
4. The ability to save old scenarios. 
5. Online integration for a collaborative approach to planning and sharing scenarios among 
various users. 
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Figure 59 NetLogo Example 
 56 
 
. The two disadvantages of photovoltaic arrays are the fact that they are weather dependent 
and that they are expensive with one MW of capacity costing approximately $6.5 million. Their 
advantages on the other hand, are the fact they create no emissions while generating electricity and 
that they take advantage of a powerful renewable source of energy, the sun. 
Combined cycle natural gas plants create some emissions, about 0.5 kg of CO2 per kWh of 
electricity produced, but they also only cost $0.6 million per MW. Figure 54 shows the associated 
benefits and disadvantages to each source. The reason for the selection of a 135 MW combined cycle 
natural gas plant in addition to the photovoltaic array is that as mentioned previously the City needs to 
be able to produce 135 MW in any condition; therefore the inclusion of a power plant that is not reliant 
on the weather in any way is required. Furthermore, combined cycle natural gas plants are easily 
rampable, which means they can increase electricity production quickly and easily. This set up allows for 
the natural gas plant to take over any part of the load that the photovoltaic array cannot supply or if the 
output from the solar array drops due to sudden rain, nighttime, or any similar situation. The amount of 
emissions from the combined cycle natural gas plant would be very small: operating at maximum 
capacity only 81,000 metric tons of CO2 are produced which is 13.6% of the emissions from all fossil 
fuels currently consumed in providing Santa Fe with electricity. 
Table 12 Option 4a) Recommended Power Plants Summary 
  
Generating 
Capacity 
(MW) 
Emissions 
(Thousands of 
Metric Tons) 
Cost 
(Millions of $) 
Natural Gas Combined Cycle 135 283 120.7 
Photovoltaic Array 30 0 98.1 
Total 165 283 218.8 
 
Figure 54 Comparison of Natural Gas and Solar Power Plants 
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Figure 55 Option 4a) Residential Tradeoff 
 
Figure 56 Option 4a) Commercial Tradeoff 
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In this option, one thing to note is the fact that after four years the amount of debt servicing 
drops dramatically, since it is assumed that at that point the power plants and/or solar arrays are online  
and the City will not have to pay for electricity anymore. The rates should decrease dramatically. The 
results are tabulated in Table 13 and, even at these reduced rates, the City gains enough revenue from 
electric sales to pay the debt servicing for both power plants and infrastructure. 
 
 
 
 
 
4.2.3.1.1 Option 3b) Combined Heat and Power (CHP) and Solar 
In this scenario a combination of CHP units and photovoltaic arrays are used in order to meet 
both the power requirements and heat requirements for the City. In “Biomass Fired District Energy: A 
Source of Economic Development and Energy Security” the amount of power needed to produce the 
necessary heat for the selected area was 64 MW of heat, since that area included a large portion of the 
downtown area it was assumed that the total heat demand for the City was 320 MW. In the same 
report, it is stated that 70% of the City generates their heat via natural gas. After examining multiple 
CHP units, the Quanto D2000 produced by TEDOM appeared to be the best fit; its statistics may be seen 
in Figure 25. There are several advantages to using the Quanto D2000. First, it uses natural gas, which 
already has an existing infrastructure in Santa Fe. Furthermore, the use of a CHP in a home that has a 
heating system that is 80% efficient (average home heating system efficiency) makes it possible possible 
to save up to 30% in energy cost savings. In order to fulfill the heating needs of Santa Fe, which is the 
limiting factor, a total of approximately 148 units need to be purchased. The size of each unit can be 
seen below; the dimensions include a container for the generator; the cost per unit is estimated at $1 
million, the TEDOM has been contacted for a price quote, however, they have not replied yet. 
The proposed biomass cogeneration plant from “Biomass Fired District Energy: A Source of 
Economic Development and Energy Security” would fit perfectly into this scenario, since the one 
biomass unit would be capable of supplying the downtown area with heat and some electricity. It would 
replace about 6 of the Quanto D2000 units. Part of the cost of the biomass system was the pipelines to 
transfer the heat. However, in order to use the cogeneration ability of the Quanto units the heating 
distribution system would have to be constructed regardless allowing for a reduced cost of the biomass 
generator. The cost of all power plants and the 
pipelines necessary to distribute the heat would 
cost approximately $366 million; which means 
the total cost of this option would be $514 
Table 13 Option 4a) Rates After Four Years  
Rates After Four Years 
  4.50% 6%   
Operating Cost  100.0% 100.0%   
Operating Cost  $16.6 $16.6 Millions 
Rate Increase -29.8% -21%   
Residential Rate $0.08048 $0.09050 per kWh 
Commercial Rate $0.08682 $0.09762 per kWh 
Table 14 Option 4b Power Plant Cost  
  Count  Cost (M of $) 
Biomass Plant 1 16 
Quanto D2000 142 142 
Photovoltaic Array 1 98 
Heating Pipeline 1 110 
  Total 366 
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million including the cost for the infrastructure, the legal fees, and the separation of the City 
infrastructure from the County infrastructure. The tradeoff data is provided in Figure 58and Figure 57. 
 
 As in option 4a) after four years the power plants are completed and the cost of electricity can 
decrease since there is no longer any need to purchase it from PNM. The new rates are shown in Table 
15 and are sufficient to pay back the bond payments. 
 
Figure 57 Option 4b) Commercial Tradeoff  
 
Figure 58 Option 4b) Residential Tradeoff  
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4.3 Energy Production Methods for Achieving Sustainability in Santa Fe  
In order to achieve the sustainability goals of the SSFP the City needs to employ renewable 
resources. The most viable means of renewable energy production within the City limits come from 
solar power, wind power, and biomass heating. As a way of allowing city planners to simulate different 
renewable energy portfolios, the team created a Sustainability Tool in NetLogo that shows how well a 
particular combination of the renewable energy plants meets the SSFP goals for emission reduction. 
4.3.1 Considerations For Using Renewable Energy in Santa Fe 
With the renewable resource maps from 2.4 Renewable Energy Resources, the County was 
determined to be a good location for solar, a marginal location for wind power, and a marginal location 
for biomass generation. When limited to just the City’s jurisdiction it was determined that solar energy 
has the biggest potential of these renewable energies. The next step in determining the potential of 
using renewable energy in the City is the available land. Most of the land in the City’s jurisdiction is 
owned by private citizens. However, if the total area of the roofs of all the City-owned buildings and 
publicly owned schools is calculated, the result is 600 acres. This calculation assumes that all of the roof 
area is usable. That there is currently nothing on all the roofs is unlikely but, even if only 300 acres are 
free for use that is still a significant amount of land that the City can use without having to lease or 
purchase land from anyone. Additionally, there is an old landfill totaling about 100 acres north of the 
airport which the City also owns that could be used for a power plant of some sort. The final source of 
area is the Nichols and McClure reservoirs to the east of the City; the two reservoirs have approximately 
1200 acres surface area between them. In the County, we do not have data for land ownership so we 
cannot determine which areas would be optimal for renewable energy plants. 
The classification of wind speed in the City is of the lowest class that can be used for industrial 
wind power production, which makes it a suboptimal source of energy since the amount of sunlight 
makes solar power a more viable solution. There are several additional  problems with wind power: 
placing them would be difficult since commercial wind turbines are around 120 feet tall; since there is 
an airport in the City the Federal Aviation Administration (FAA) has restrictions on the height of 
structures near approach and landing paths to the airport. This will, most likely, rule out the old landfill 
as a location for the wind turbines. Besides the FAA restrictions, the turbines themselves are tall and not 
aesthetically pleasing, which is important since they would have to be located within City boundaries 
and the public would not want them near or if possible within eyesight. Furthermore, the City is densely 
Table 15 Option 4b) Rates After Four Years 
Rates After Four Years 
  4.50% 6%   
Operating Cost  100.0% 100.0%   
Operating Cost  $16,570,773.6 $16,570,773.6 Millions 
Rate Increase -29.8% -21.0%   
Residential 
Rate $0.080479 $0.090498 
per 
kWh 
Commercial 
Rate $0.086816 $0.097623 
per 
kWh 
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populated and the only undeveloped land is either too small to locate more than a single wind turbine 
or is a park which cannot be developed for wind turbines. This combination of factors eliminates wind 
power as a renewable resource that can be used within City jurisdiction. If access was given to County 
land, the southeastern part of the County has excellent wind and it might be possible to develop a wind 
farm there. 
Biomass was another renewable resource considered, but from its resource map less than 
50,000 tons of biomass can be produced or gathered per year in Santa Fe County while a study 
produced by Local Energy, a non-profit organization in Santa Fe, called “Biomass Fired District Energy: A 
Source of Economic Development and Energy Security” placed the number at about 30,000 tons of 
biomass per year. The study details the feasibility of establishing biomass generator which would 
provide heat and electricity to the downtown area; the plant would consume roughly 20,000 tons of 
biomass a year for heating approximately 600 buildings in the down town are and providing about 6 
Megawatts (MW) of electricity generation. While this is a worthy goal, it is not ideal for this project since 
the generator does not produce a significant amount of electricity for the amount of biomass it 
consumes. However, while not ideal as an initial component of the power production of Santa Fe, a 
biomass generator would allow for the production of heat suitable for the downtown area to allow for a 
reduction in the amount of natural gas consumed for heating purposes reducing Santa Fe’s emissions. As 
such, it would useful as a later addition to the infrastructure. 
A less significant renewable resource is pyrolysis of waste. Wide scale usage of pyrolysis units 
would not be beneficial, since their fuel is the same type of fuel that biomass plants require and, as 
such, the two types of plants would be competing with each other. However, it may be beneficial to 
have a small pyrolysis plant at a landfill that would allow for some electricity generation which could be 
used there. 
4.3.2 Sustainability Tool in NetLogo 
The team made a tool that could help City Planners to simulate possible solutions for reducing 
the City’s GHG emissions to reach or exceed the goals outlined in the SSFP. This program would provide 
the user with a way to create power generation scenarios and observe what the emissions would be 
with a certain combination of power plants. NetLogo was used to create this tool because of the 
simplicity and speed of designing a simulation tool in NetLogo. NetLogo is an agent-based simulation 
programming environment that is used for dynamic modeling.  The Team designed and created a 
simplistic version of the Sustainability Tool to demonstrate some of the key features the team would like 
to see the tool to have. 
The tool created by the team allows the user to view some of Santa Fe’s GIS Layers and create 
scenarios that the City could implement for powering the City. The user can turn on and off different GIS 
layers of the City that show where the City’s water reservoirs are located to allow the placement of Solar 
power plants on the actual location of the reservoirs in the case of planning for Floatovoltaics. To add a 
power plant to the energy portfolio, the user runs the simulation, and then clicks on the respective 
button for the top of plant they would like to build, and then the user may click anywhere on the map to 
place the power plant. The various statistics for energy generation are updated to include the new 
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energy resource so that the user may determine if their scenario provides enough power for the City to 
operate, and well as how well the SSFP’s goals are met. 
For instance, the user might want to build a Combined Cycle Natural Gas power plant just 
outside the City. To do this, the user would type in a value for the capacity of the power plant, click on 
the ‘Natural Gas (CCNG)’ button, and then cl ick on the map where they would like that power plant 
built. The simulation keeps track of the total emissions from energy production as well as the current 
capacity of the energy production of the simulation. 
The simulation plots the 2008 values of emissions as well as Santa Fe’s required energy capacity 
on two graphs in the program’s window so that the user can see how the simulation compares to what 
the emissions were in 2008, and if the simulation has enough power to actually sustain the City.  Figure 
59 shows a simulation of a scenario where a 135 MW CCNG and a 30 MW photovoltaic array are used to 
provide full power for the city, as discussed in Section 4.2. In the screenshot, the yearly emissions of that 
scenario would allow Santa Fe to meet the goals of the SSFP. This simulation tool is important because it 
allows anyone to be able to come up with a scenario for the City to be able to generate power for itself. 
It could also easily be adapted to the specifics of other cities that may also have a desire to improve 
their GHG emissions levels.  
Due to the time constraints of this project, there was not enough time to perfect the simulation 
tool, and the team has come up with several ideas for improving and expanding upon the original tool: 
6. Cost analysis tool to show what the utility rates would be needed for the City to compensate 
for the City’s debt load incurred by building power plants or other infrastructure 
improvements. 
7. Showing the compatibility of new distribution infrastructure additions, such as erratic power 
sources (wind, solar). 
8. Allow for the ability to create solar installations based on land parcel and roof size for a 
more detailed simulation of small solar installations. 
9. The ability to save old scenarios. 
10.  Online integration for a collaborative approach to planning and sharing scenarios among 
various users. 
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Figure 59 NetLogo Example 
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5 Conclusions and Recommendations 
As a result of not receiving certain GIS layers of components from PNM, some parts of our 
project were limited in scope. All components in the County except substations as well as transformers 
and meters in the City were not available for viewing. Therefore, the following sections will be focused 
on the City of Santa Fe as opposed to the County. 
5.1 Conclusions 
First, the only feasible way for Santa Fe to meet the goals of the Sustainable Santa Fe Plan is by 
purchasing the current infrastructure and incorporating large amounts of renewable energy sources in 
it: approximately 30 MW of zero emission sources. PNM only generated approximately 600,000 MWh in 
2008 and Santa Fe consumed a little over 900,000 MWh in order for PNM to provide the City with 30% 
renewable energy, it would have to devote half of their total renewable energy to the City. While that 
might be possible, the team believes that PNM’s commitment to other consumers for their renewable 
energy would prohibit the amount of renewable energy that they would need to sell to the City to meet 
the Sustainable Santa Fe Plan’s goals. 
From the perspective of a simple cost benefit analysis, even if PNM keeps the electric rates at 
current levels for all eternity, it is still more cost effective to acquire the infrastructure and to construct 
power plants for the city since the reduction of electricity rates makes up for the increased initial cost: in 
about 10 years, the rate difference would be made up, in other words, it would be as if you had paid the 
current PNM rate for those 10 years. After that the new rate would be 6 cents less than the current 
PNM rate. 
For the local economy, one economic benefit to creating a municipal utility is the fact the more 
money will stay in the economy. Currently 14.5¢ of every dollar spent on electricity leaves the local 
economy, if a municipal utility is created; then that 14.5¢ will remain in the economy increasing the 
amount of money in circulation by fivefold. 
There are no technical problems in separating the City infrastructure from PNM and the 
County’s infrastructure, or in producing the necessary amount of power even at peak l oads with a 25% 
reserve capacity. 
The only potential problem with the acquisition is the bonding capacity of Santa Fe; if Santa Fe 
does not have sufficient capacity, then their bond rating will decrease, requiring higher interest rates on 
their bonds causing a higher cost to the consumer. As long Santa Fe has enough bonding capacity, and 
assuming the worst-case scenario for the costs of the electrical infrastructure, Santa Fe is fully capable 
of owning its electrical infrastructure, even if it was rebuilt from scratch. The worst-case scenario 
assumed that the infrastructure was worth as much as their replacement costs which, in all practicality, 
is not the case because of depreciation from the age of the infrastructure. Operating the municipal 
electrical utility that would be created is also possible, even on top of the costs associated with the 
annual payments for the bond that would be required. All of the financial analysis ignores the 2.1 ¢/kWh 
gained for the production of solar energy from the Renewable Energy Production Incentive from the U.S. 
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Department of Energy91. It is also important to note that because most of the assumptions were based 
on worst case scenarios, then the likelihood that one of the assumptions Is not the worst case increases 
the benefit even further. 
5.2 Recommendations 
The team recommends that the City of Santa Fe follow option 4a), purchasing the infrastructure 
and constructing a 30 MW photovoltaic array as well as a 135 MW combined cycle natural gas plant.  In 
the team’s opinion, this option represents the best compromise between renewable energy sources and 
the capacity to generate Santa Fe’s electricity even during a rainy day at peak demand. The use of 
photovoltaic arrays provides the necessary carbon reduction for the Sustainable Santa Fe Plan. The 
combined cycle natural gas plant provides a source of rampable energy production in order to make 
sure that the City always has the necessary electricity generation. Furthermore, natural gas has lower 
emissions per kWh generated as opposed to coal further decreasing the emission s of the City and the 
combined cycle increases the efficiency of the plant further reducing waste. 
5.3 Future Work 
In terms of future work, the first requirement is gain an accurate count of transformers in the 
City and correct numbers for all the components in the County. Since PNM did not grant access to the 
transformers layer for the City or to any of the layers for the County, the numbers used in all of the 
calculations were estimates as opposed to fact. 
Next the finance department of the City would need to determine what the bonding capacity 
and interest rates would be if the bonds were to be issued. With this the feasibility of the financial part 
of the purchase would be satisfied. As a further note, the power plant operating costs if the City would 
construct them were not included in the calculations in the report, which would increase the rates the 
consumers would have to be charged. 
An engineering feasibility assessment would be needed in order to determine if it would even be 
possible to located the power plants where mentioned and if possible whether or not there were 
outstanding circumstances that would increase costs. 
The last part of any future work would be to determine whether or not PNM would be 
amenable to any purchase offer and/or whether the use of eminent domain would be feasible in the 
situation that PNM was not amenable. 
The team also recommends that the development of the NetLogo program that was already 
started continue and that its capabilities are further enhanced such that it can provide better estimates 
for different scenarios of power plants and locations 
 
                                                                 
91
  (U.S. Department of Energy. 2007) 
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Appendices  
Appendix A - Geographic Information System  
Geographic Information Systems (GIS) have a base map upon which one can overlay layers 
which contain various types of information. The layers use geographical coordinates to pinpoint 
locations of interests such as mineral deposits, power lines, power stations, road systems and others. 
Each point placed in GIS can have a large amount of information stored in the data for each point in 
addition to the geographical coordinates. One of the first Geographic Information Systems (GIS) that 
was developed in the 1960s and is still in use today is the Canada Geographic Information System (CGIS). 
CGIS was created so that properties about the land, such as the type of soil and other properties of the 
environment in rural Canada could 
be analyzed to help with planning 
for future developments92.  
Layers 
GIS maps are made up of 
different layers that overlap to 
show details about a particular 
location. Layers contain sets of 
geographical coordinates, and 
shapes that are used to represent 
something in the physical world, 
and any important data that might 
be useful for analysis. The following 
screenshots show how different 
layers can be turned on and off to 
display more or less information on 
the map, in this case of Santa Fe. 
The first screenshot has layers for 
the building footprints and how the 
land is divided into plots by who 
owns it. In the next screenshot, a layer that contains the details about all the roads in Santa Fe was 
turned on. The last screenshot shows what data can be stored in a point on a layer. The ability to 
activate different layers at a time allow for easier analysis of various situations93.  
                                                                 
92
  (Klinkenberg. 1997b) 
93
  (Klinkenberg. 1997a) 
 
Figure 60 Building Footprint and Parcel Layers 
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ArcGIS Software Suite 
The ArcGIS Software Suite provides various tools that are used to manipulate, analyze, and 
create GIS map layers. Depending on what the user would like to do, they can choose the program that 
focuses on analysis or the one with the main purpose of editing and creating layers if they are in the 
process of creating maps for 
something that hasn’t been 
mapped before.  
 
 
 
 
 
Figure 61 Building, Parcel, and Road Layers  
 
Figure 62 ArcGIS Software 
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Data Analysis 
As mentioned above, GIS maps are 
made up of different layers that overlap to 
show a multitude of details about a particular 
location. Since these layers contain large 
amounts of information, ArcGIS provides the 
user with tools that can be used to analyze the 
groups of data. Some of these tasks include 
summing and taking averages of the sets of 
data. If we would like to know how many 
miles of road there are in Santa Fe, we can 
simply select the data we would like to 
analyze, and then have ArcGIS quickly 
generate the calculations that are desired 
from that data. 
 
Figure 63 GIS Layer Information 
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Appendix B – Bond Amortization Schedules 
 
 
 
Figure 64 4.5% Bond Amortization Schedule  
 
Figure 65 6% Bond Amortization Schedule  
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Figure 66 4.5% Bond Amortization Schedule including cost of 135 MW CCNG and 30 MW photovoltaic array  
 
Figure 67 6% Bond Amortization Schedule including cost of 135 MW CCNG and 30 MW photovoltaic array 
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Figure 68 4.5% Bond Amortization Schedule including cost of 142 CHP and 30 MW photovoltaic array  
 
Figure 69 6% Bond Amortization Schedule including cost of 142 CHP and 30 MW photovoltaic array  
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Appendix C - Energy Authorities in Santa Fe, NM 
The following parties should be contacted for future energy-related projects in Santa Fe, NM. 
Mark Sardella of Local Energy 
Local Energy is a company devoted to providing solutions for communities to utilize locally 
generated energy. It is based in Tesuque, NM, a village north of Santa Fe. Mark Sardella founded the 
non-profit company in 2002. 
Local Energy’s mission is to mitigate the hardships incurred from the degradation of fossil 
energy resources, foster community self-reliance in energy, support local control and utilization of 
energy resources, and reduce the flow of energy dollars leaving the community.  
Specific goals of Local Energy include:  
Promote and advance projects that relieve the hardship of high energy costs on local 
municipalities, their citizens, especially their poor, and on businesses that are vital to their 
communities;  
Reduce the negative environmental impacts of energy use;  
Conduct nonpartisan research to advance the science of renewable energy and energy self-
reliance for the benefit of local communities and the environment; and  
Set up discussion groups, forums, panels, lectures, and similar programs that engage the public 
with the principles and practices of local self-reliance in energy.  
 The practices of Local Energy include research, education, and the fulfillment of local energy 
projects. Research Topics that Local Energy investigates are the effects of higher energy costs on low-
income households and best practices for community energy development. In 2007, Mark Sardella 
produced a report that culminated the findings of a 3-year, 1.8 million-dollar study funded by a grant 
from the United States Department of Agriculture. The study details the potential for a district heating 
system designed downtown Santa Fe. The system would be able to provide 87 percent of the annual 
heatload in a commercialized region frequented by tourists by using locally-available biomass. As an 
aside, Sardella states that a district heating system would be the start of a energy infrastructure based 
on thermal access ports, where customers would buy heat from the from the biomass facility.  
The founder, Mark Sardella, also has an interest in public education about energy matters. He 
regularly lectures at Santa Fe Community College, as well as having designed a biomass district heating 
system for that was built for the school. Sardella also teaches classes at Ecoversity about environmental 
stewardship and sustainable living practices. Sardella uses www.localenergynews.org to disseminate 
knowledge about current energy policies, while www.marksardella.com is an outlet for his energy-
related political commentary. 
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Mariel Nanasi and Ryan Pokrasso of New Energy Economy 
Nanasi and Pokrasso are part of New Energy Economy (NEE), an organization devoted to the 
social justice behind energy policy. Two of the initiatives that NEE favors are the localization of energy 
distribution and production and the CLEAR Act, a bill that makes energy producers pay for their carbon 
emissions and returns the proceeds to homeowners so that energy efficiency improvements can be 
performed. NEE has produced a paper that details the discrepancies of the Santa Fe city water system 
purchase attributed to PNM and the benefits of a local energy policy. 
